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Abstract
Despite being faced with major barriers to overcome, local school districts and teachers
must work to align their instructional practices in science and their assessment practices to the
Next Generation Science Standards (NGSS) and the New Jersey Student Learning Standards for
Science (NJSLS-Science). As described in the literature, a three-dimensional approach to
assessment design is one of the qualities considered the model for a true and authentic
measurement of student aptitude in science. As teachers work to understand NGSS alignment
and their ability to meet alignment standards as an assessor while designing and implementing
NGSS-aligned assessments, they will undoubtedly encounter various factors that will either
support or present a barrier to that alignment.
A convergent parallel mixed methods research methodology was utilized to explore how
high school science teachers perceive best assessment practices, self-concept, and ideal self
regarding NGSS-aligned assessment practices. It collected closed surveys, open-ended survey
responses, and interview responses, through which themes and patterns were identified in
experiences related to the conceptualizations of best assessment practices, self-concept, and ideal
self, as well as the perceived supports and barriers to alignment between self-concept and the
ideal self.
The findings suggest that teachers conceptualize best practices in science assessment as
presenting opportunities for students to demonstrate science understanding by using a variety of
SEPs while allowing opportunities for student choice. In addition, teachers perceive their selfconcept as an assessor in science as having high levels of confidence and motivation to further
develop their practices. Lastly, the perceived self-concept and ideal self-congruence experienced
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by teachers is supported by their use of the defined best practices in assessment. These findings
have implications for future policies, practices, and research studies.
Keywords: crosscutting concepts, disciplinary core ideas, hybrid learning environment,
ideal self, ought self, remote learning environment, science and engineering practices, selfconcept, sensemaking.
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CHAPTER 1: INTRODUCTION
Society is rapidly developing a need for a workforce with skills relevant to problemsolving, adaptability, and complex communication. According to Bybee (2010), trends in job
tasks in the United States since the 1960s have shown a steady decrease in manual and routine
tasks, while abstract job tasks have been on a constant rise. The increase in "nonroutine analytic
problem-solving" tasks emphasizes drastic societal changes since the 1960s, notably that a large
number of routine tasks can now be fulfilled by computers and other technology (Bybee, 2010, p.
37). This places high importance on developing a workforce prepared for such abstract job tasks.
To ensure this, an effective science education program is paramount. Bybee (2010)
stated,
If students in science classes only memorize and reproduce scientific knowledge, they are
being prepared for jobs that are fewer in number and lower in skills and wages. In
contrast, if students have experience solving problems, working in groups, and
communicating conclusions using evidence, they are developing the knowledge, skills,
and abilities to participate in this century's economy. (p. 38)
Through proper implementation of an inquiry-driven curriculum, science education can meet the
societal need for non-routine analytic problem-solving and scientifically framed thinkers.
Students in an inquiry-based science curriculum will investigate and develop knowledge through
discovery, rather than reading out of a textbook (The National Academies Press, 2013).
Gone are the days of papier-mâché volcanos serving as the measuring stick for scientific
achievement in the classroom. Instead, students engage in authentic data collection and analysis
through investigation to discover scientific knowledge through inquiry. Through this type of
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engagement with authentic phenomena, science education can capture the curiosity of even its
youngest students and empower the creative collaboration of classmates.
In recognition of the importance of inquiry-based science educational opportunities to
help prepare students to meet workforce demands, the New Jersey Department of Education
adopted the Next Generation Science Standards (NGSS) as the base for their K–12 New Jersey
Student Learning Standards for Science (NJSLS-Science) in 2014. As outlined in the opening
chapter of A Framework for K–12 Science Education (2012), several goals and underlying
principles guided the development of NGSS. It states a primary goal that,
By the end of the 12th grade, students should have gained sufficient knowledge of the
practices, crosscutting concepts, and core ideas of science and engineering to engage in
public discussions on science-related issues, to be critical consumers of scientific
information related to their everyday lives, and to continue to learn about science
throughout their lives. (p. 9)
To support this goal, NGSS is driven by the integration of three dimensions: Science and
Engineering Practices (SEPs), Disciplinary Core Ideas (DCIs), and Crosscutting Concepts
(CCCs). SEPs encompass the types of tasks students will be engaged in during science
instruction. They cover eight instrumental practices science students should be proficient in as
they move through the discovery process. DCIs are the dimension of NGSS that centers itself
around science content. DCIs are fundamental concepts of each science discipline that students
can apply to their understanding of unique phenomena. The CCCs are frames for student
scientific thinking. There are seven CCCs, and based on the one employed by the student, the
conceptual understanding of a topic can be shifted or focused (National Research Council, 2012).
For example, by looking at a phenomenon with the CCC frame of "patterns," a student may
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develop a different claim about a topic than if they examined from the viewpoint of a different
CCC, like scale. A guiding principle of "The Framework" is a focus on core scientific ideas and
science practices. This principle is described further as maintaining a "limited set of core ideas"
(p. 25) to enable students to engage in deep levels of investigation and develop the meaning of
science ideas progressively throughout their education utilizing science practices to engage in
sensemaking. This principle stands as a core value in developing NGSS-aligned science
curricula.
The standards had implementation deadlines for school districts to follow and allowed
school districts time to make adjustments to curricular materials related to science instruction.
For example, the implementation deadline for grades 6–8 was the start of the 2016–2017 school
year, while the implementation deadline for grades K–5 was the start of the 2017–2018 school
year. One fundamental change that came with meeting the implementation deadlines, specifically
in grades K–5, was a shift in content taught at each level. Compared to the previous New Jersey
Core Curriculum Content Standards for Science (NJCCCS for Science), different content was
expected to be taught at different grade levels under NJSLS-Science. Additionally, the NGSS'
three dimensions require a pedagogical shift in teachers' approach to science education, asking
students to engage more in the application of knowledge rather than recall and memorization.
As states began adopting NGSS as the basis for state-wide standards for science, a need
for curricular materials that were aligned to the standards and its instructional and pedagogical
philosophy was evident (Tekkumru-Kisa, 2015). In consideration of the standards' guiding
principles, quality and NGSS-aligned curricular programs would need to engage students in the
appropriate level of cognitive rigor and ask students questions that push them to a level of highorder thinking skills. However, curricular material alignment was only one piece of the puzzle;
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the teachers' instructional practices implementing said curriculum required attention at the local
district level.
To this end, the New Jersey Department of Education (NJDOE) has released certain
items to aid local school districts. One such item is a model curriculum framework to provide
local districts with a prototype to develop their local curricular documents. The NJDOE also is a
partner state in the ongoing development of OpenSciEd. OpenSciEd is an open-source set of
science curricular materials aligned to the middle school standards of NGSS ("Partner States,"
n.d.). However, these aides would support the goal of aligning curricular materials. In addition,
providing adequate professional development to align instructional and assessment practices
would occur at the local district level.
As local school districts worked to align the instruction practices of their teachers to
NGSS and the NJSLS-Science, assessment practices became another piece to that alignment
puzzle. Assessment serves as a valuable source of data to reflect student progress and support
teacher decision-making, lesson planning, and district-level curriculum and professional
development. In addition, high-stakes testing serves as data points to evaluate districts as whole
units on the state level. When shifting curriculum to align with the NGSS, districts may focus on
lesson planning and instructional practices. However, just as important are the proper
development and adoption of assessment practices that align with the standards and curriculum
itself. This task indicates the need to realign assessments to match the content of the standards
and align the assessment practices of teachers with the pedagogy of NGSS. On the local level,
teachers operating within school districts will develop and implement assessments as part of their
regular teaching practices, whether these assessments are to be delivered by individuals or across
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a single grade level in an entire district. This emphasizes the importance of properly aligned
assessment practices by the teachers within local school districts.
For proper alignment in the design and implementation of assessments in science to
occur, the sensemaking theory of Weick (1995) becomes vitally important. Weick's sensemaking
theory centers on how individuals navigate encountered stimulus factors in an ongoing process
of making sense of their environments (Weick, 1995). An element of Weick's theory is the role
that one's identity plays in this process. Rogers (1959) defined different aspects of one's identity
as self-concept, the ideal self, and the ought self. In its most basic sense, self-concept is how one
views their own characteristics and qualities, while the ideal self is composed of those
characteristics and qualities to which they aspire (Rogers, 1959). The ought self-centers on the
characteristics held as optimal by an outside party (Higgins, 1987). These concepts drive the
identity construction described by Weick's sensemaking theory (Weick, 1995). Therefore, it is
vital to understand how teachers engage in the sensemaking process of designing and
implementing NGSS-aligned assessments.
Based on the information above, three major barriers emerge that threaten teachers'
ability to develop and enact NGSS-aligned assessment practices. First, with accountability
pressures, teachers and school districts must ensure that they are preparing students for success
on the state assessment. Accountability measures further stress the need to meet implementation
deadlines. According to the NJDOE (2021), district accountability in science, as measured by
NJSLA-Science, will begin through NJQSAC with the Spring 2021 test. Failure to perform
proficiently on the state assessment will become a factor in a district's overall NJQSAC review.
This pressure placed on teachers and districts threatens the fidelity with which they take on the
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alignment of assessment practices to NGSS. The pressures of accountability are not unique to
science classrooms. The National Research Council (1997) wrote,
Some observers have cautioned that a heavy reliance on test-based accountability could
produce unintended effects on instruction. These include "teaching to the test" (teachers
giving students practice exercises that closely resemble assessment tasks or drilling them
on test-taking skills) and narrowing instruction to emphasize only those skills assessed
rather than the full range of the curriculum. (p. 152)
To overcome this critical barrier, we must understand the role of accountability on the teacher's
perceptions of themselves concerning assessment and alignment to NGSS. This understanding
could provide insight into how well they feel about their ability to fully align their assessment
practices with the pedagogy of NGSS.
Second, as stated above, the pedagogical shift required by educators to align instructional
practices with NGSS, in turn, impacts the approach to assessment practices. The pedagogical
shifts required of teachers to implement NGSS with fidelity also require teachers to consider how
formative and summative assessments manifest in their classrooms. Three-dimensional learning
and assessment, as outlined in the NGSS framework, involves the balanced and purposeful
combination of Disciplinary Core Ideas (DCIs), Science and Engineering Practices (SEPs), and
Crosscutting Concepts (CCCs) into the teaching practices of science educators. Additionally, the
framework establishes the purpose of high-quality science assessment is to support the
application of science content through a three-dimensional means and to provide opportunities
for students to demonstrate not only an understanding of content knowledge but also "their
understanding of science as an approach" (National Research Council, 2012, p. 263). The idea of
"science as an approach" indicates a pedagogical shift in science education away from past
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assessment models in science that now require teachers to develop new assessments in line with
the three dimensions of NGSS. Thus, beyond considering the system of assessment's core
structure, one must also attend to the three dimensions of NGSS—Science and Engineering
Practices, Crosscutting Concepts, and Disciplinary Core Ideas—to ensure that a system aligns
with the standards. This presents a need to better understand teachers' perceptions as it relates to
their assessment practices and their perceived ability to make the required shift.
The third barrier faced by teachers is the daily interactions with potential factors that may
either support or hinder the development and implementation of NGSS-aligned assessments.
Every day teachers encounter different factors that can interact with their decision-making
regarding instruction and assessment. Any given encounter can present a shift in how a teacher
perceives their ability to align assessments, either positively or negatively. These factors are
difficult to predict and, as such, present a looming question about how teachers both individually
and collectively negotiate these factors. With the perception of these factors being largely
subjective to the individual, questions remain about what the encountered factors are, but more
importantly, how the teachers perceive and negotiate these factors as either supports or
hindrances to NGSS-alignment in their assessments.
The three identified barriers manifest themselves on the local level through the districtlevel planning and decision-making process to align assessment practices to NGSS through the
professional development of its science teachers. For example, as a particular school district
realigns the instructional practices to the "science as an approach" spirit of NGSS, a considerable
amount of teacher professional development is required to hone new skills relevant to that
approach. Within this professional development must be a focus on measuring student success
through certain, also aligned, assessment practices to provide relevant data to justify the
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decisions being made by the collaborative stakeholder group. Finally, assessment practices must
be realigned to reflect NGSS-specific criteria on the classroom and district levels. Understanding
how teachers perceive their NGSS alignment and their ability to meet alignment standards is
vital because it deepens our understanding of how teachers are navigating the pedagogy of NGSS
relative to designing and implementing assessments.
In addition, the context of the COVID-19 global pandemic stands as an additional point
of emphasis when considering how teachers are making sense of assessment practices in science.
The pandemic has resulted in school districts making adjustments to the instructional models of
students to either remote or hybrid learning environments. The presence of both remote and
hybrid instruction and learning yields further challenges for science instruction and assessment
as an inquiry-driven, discovery-based curriculum in science must be implemented in a hands-off
manner. This may require science teachers to modify or develop lab investigations to utilize
teacher demonstration or simulated virtual lab experiences. Within the context of this study, the
need to develop an understanding of how teachers are making sense of NGSS-aligned
assessment practices, as well as the factors they encounter that support or inhibit their ability to
meet alignment expectations, remains vital; however, this understanding is now gained within
inescapable remote and hybrid learning contexts.
Problem Statement
Despite being faced with major barriers to overcome, local school districts and teachers
must work to align their instructional practices in science and their assessment practices to the
NGSS and NJSLS-Science. As described in the literature, a three-dimensional approach to
assessment design is one of the qualities considered the model for a true and authentic
measurement of student aptitude in science (National Research Council, 2014). As teachers work
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to understand NGSS alignment and their ability to meet alignment standards as an assessor while
designing and implementing NGSS-aligned assessments, they will undoubtedly encounter
various factors that either support or present a barrier to that alignment. This study hopes to draw
from the descriptions of teachers' experiences when encountering such factors.
The transition to NGSS and NJSLS-Science requires state and local curriculum leaders to
adjust the instructional and assessment expectations for teachers and students. Guided by A
Framework for K–12 Science Education (2012), leaders must be certain that assessment
practices of teachers are not only aligned to NJSLS-Science but are also consistent with the
criteria of high-quality science assessment practices, such as the integration of the three
dimensions of NGSS (National Research Council, 2014). With this comes the need to understand
the potential factors that will support or hinder a teacher's ability to align their assessment
practices with NGSS expectations. Underlying these understandings is a need to develop an
understanding of how teachers perceive their assessment practices and beliefs to better
understand how these perceptions play a role in their process of designing and implementing
assessment in science. As teachers are instrumental in creating science assessments at the local
level, this understanding is important to drive future decision-making and professional
development.
Purpose Statement and Research Questions
The purpose of this study is to explore teachers' sensemaking processes related to designing
and implementing NGSS-aligned assessments. Through the theoretical sensemaking lens, it will
examine teachers' NGSS-aligned assessment understandings as well as both personal and
external factors that they believe influence their self-concept, ideal self, and practice. The
following overarching questions guided the study:
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1. How can we describe how high school science teachers are conceptualizing best
assessment practices, self-concept, and ideal self with respect to assessing in science?
a. What are, if any, the observed associations in high school science teachers'
conceptualization of best assessment practices, self-concept, and ideal self?
b. What factors do high school science teachers perceive as either supports or
barriers to converging their practice with ideal assessment practices?
Of interest to this study is a district that has been implementing an NGSS-aligned curriculum in
high school science classes starting in the 2016–2017 school year. Teachers within the
department have participated in district-run professional development related to the
implementation of NGSS-aligned instructional practices. Approximately 3 full days of
professional development within a school year are devoted to department-based learning
opportunities for teachers. Due to the COVID-19 pandemic, this district utilizes a remote
instruction model, where all students are learning from home through scheduled Zoom classes.
At the time of the study, they could lead their classes either from their homes or optionally from
their classrooms. The district then transitioned to a hybrid model of instruction, where two
groups of students would rotate between being physically present in the classrooms and
attending the same classes remotely. While the district had previously planned to begin this
hybrid model in November of 2020, these plans were delayed due to the county's high numbers
of positive COVID-19 cases. As of January 2021, the district was still operating within its
remote instruction model, and it shifted to a hybrid learning environment in March 2021. This
information was useful in offering suggestions for future development of teachers' self-concept
and assessment practices regarding the specific factors identified as both supports and barriers.
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Definition of Terms
Crosscutting Concepts are lenses for thinking about scientific phenomena that are
universal across all science disciplines (Fick, 2017). There are seven distinct Crosscutting
Concepts, including patterns, structure and function, and cause and effect (National Research
Council, 2012).
Disciplinary Core Ideas are the essential understandings of the major science disciplines.
They are organized into four groups, Physical Sciences, Life Sciences, Earth and Space Sciences,
and Engineering, Technology, and Applications of Science (National Research Council, 2012).
A Hybrid Learning Environment is one in which students are designated into small
groups or cohorts to ensure that student group sizes are small, controlled, and limit the amount of
contact for students (NJDOE, 2020). Within the district that was part of this study, two student
groups were created that alternated physical presence in the high school while attending classes
remotely on their "off" days. This district also offered the option for students to remain in a fully
remote environment during hybrid learning.
Ideal Self reflects the qualities, characteristics, and values that an individual hold as the
most desirable. An individual may or may not perceive themselves to have attained some or all
of these traits (Rogers, 1959).
Ought Self refers to the attributes that an outside party believes the individual should
possess. This is the version of an individual that an entity other than the individual holds as the
model (Higgins, 1987).
A Remote Learning Environment is one in which students are engaged in their learning
entirely outside the school building. Utilizing various technologies, such as Zoom, students can
interact with their teachers and peers during instruction (Natanagara, 2020).
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Science and Engineering Practices are the eight actions students engage in during science
discovery, including developing and using models, planning and carrying out investigations, and
constructing explanations (National Research Council, 2012).
Self-concept is a construct composed of an individual's perceptions of the qualities,
characteristics, and values they possess. Based on the work of Carl Rogers, self-concept can be
identified at a singular time but can be fluid overall (Rogers, 1959).
Sensemaking is an ongoing process through which an individual takes in, organizes, and
develops ideas based on a stimulus. Within the sensemaking process, an individual's constructed
identity plays a role in how someone will unravel a stimulus (Weick, 1995).
Significance of the Study
While attempting to completely align science instruction in public schools to the spirit
and vision of the NGSS, school districts are faced with major barriers to overcome, including but
not limited to accountability pressure. Within this alignment is a shift in expectations related to
assessment practices under the NGSS. Teachers' perceptions of their assessment practices in a
classroom that is instructionally aligned to NGSS will inherently be shaped by their experiences
in the field (Weick, 1995). This study examined teachers' conceptualizations of best practice,
self-concept, and ideal self with respect to NGSS-aligned assessment practices within the context
of remote and hybrid learning environments through the lens of sensemaking and has
significance with regards to policy, practice, and research.
Policy
Policy directed at the professional development of teachers with particular attention on
assessment practices could draw on the findings of this study to create opportunities focused on
maximizing alignment between the self-concept of teachers and their ideal selves. Further, the

12

findings can be used in professional development policy to focus on stewardship of a shared
ideal self related to teacher assessment practices through the lens of an ought self, as defined by
literature on NGSS-aligned assessment practices. Findings from this study may also be used to
inform policy with respect to identifying the barriers to realizing the ideal self as related to
assessment practices in science. Policies can be shaped relative to this understanding with a
deeper understanding of how teachers perceive and experience the factors that present supports
or barriers to ideal assessment practices. On a local level, district policy within the science
department can mitigate or remove barriers while further developing support. Policies can seek
to capitalize on aspects of the self-concept, such as competency of assessment practices, to bring
teachers together in a shared vision for assessment practices that is representative of NGSSaligned assessment. Additionally, as supports and barriers to assessment alignment are identified,
these understandings may help inform policy within a school district related to the structure or
continuity of their remote and hybrid learning plans.
Practice
The findings related to teachers' self-concept and the identified supports or barriers to
ideal self-realization can be used to inform practice related to teacher self-monitoring of their
assessment practices to be aware of their current self-concept to work towards best practices. As
teachers engage with new experiences daily, the findings related to associations between
teachers' self-concept, ideal self, and NGSS understandings may be used to inform practice
related to teachers' reflective practices. By engaging in self-monitoring and reflective practices,
teachers can more openly recognize the elements of their self-concept that may be creating the
greatest source of divergence with their ideal assessment practices. By engaging in the practice
of reflection when creating assessment opportunities for students, teachers can be aware of how
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their self-concept may or may not converge with the ideal self. This awareness and reflection can
potentially yield a more focused assessment-development process by allowing teachers to
recognize their perceptions of value relative to different assessment practices and if these
perceptions align with their ideal self. Recognizing any congruence or incongruence may also
contribute to teacher assessment practices within a remote or hybrid learning environment.
Teachers may use these understandings to purposefully design assessments for the remote or
hybrid model with attention to alignment expectations.
Research
This study adds to the research on how teacher self-concept relates to assessment
practices to better understand any discrepancies between teacher self-concept and the ideal self
relative to assessment practices in science. This expands on other research, which has already
identified associations among these concepts and instructional practices. This also adds to the
research on identifying factors that either support or present a barrier to alignment between these
two constructs, which has implications for future practice in the field. Findings may also be used
to inform future research related to self-concept and assessment practices at other grade levels or
subject areas. In addition, findings from this study contribute to the research with regard to
remote and hybrid learning environments that, while within this study is specific to assessment
practices in science, could be expanded in future research.
Organization of the Study
Chapter 2 includes a literature review on self-concept theory related to teacher practices.
It also includes a literature review on assessment in science as it relates to the three dimensions
of the NGSS: SEPs, DCIs, and (CCCs). Chapter 3 will explain the design methods and procedure
for the study. Chapter 4 will present results and findings, and Chapter 5 will situate those results
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in the broader discourse and discuss them in light of the study's theoretical framework and the
reviewed literature. It will highlight how findings converge, diverge, and/or expand previous
scholarship and how teacher descriptions of their self-concept and ideal self and identified
supports and barriers to convergence reflect the theoretical concepts of identity construction and
the potential implications on practice in the field. Additionally, this information will offer
suggestions for potential further professional development of teachers to align their ideal self to
the literature on NGSS-aligned assessment practices.
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CHAPTER 2: REVIEW OF THE LITERATURE
School districts in New Jersey must work to develop science teachers who are adept in
the alignment of their instructional practices and their assessment practices to the NGSS and the
NJSLS-Science. In working towards this goal, it must be recognized that teachers carry with
them their perceptions of NGSS-alignment relative to their own assessment practices. Further, as
teachers are often the recipients of district and department level professional development, they
may also carry an idea of what they believe to be the model assessment practices relative to
NGSS-alignment of which they aspire to. There is a need to develop an understanding of how
teachers are making sense of their self-concept as assessors in science, and further, an
understanding of their perceptions of ideal assessment practices. There is also a need to
understand the factors that teachers identify as supports and barriers to the alignment of their
self-concept and ideal self.
This chapter serves two primary purposes for the study. First, it presents the broader
theoretical framework. Inherent to the theoretical framework are three key constructs: selfconcept, ideal self, and ought self. Second, the literature reviewed will define these constructs
and what we know about their association with teaching practice. It concludes with a summary of
common understandings and areas in need of further research; and how this study's design drew
from the theoretical framework and literature review.
Theoretical Framework
The theoretical framework for this study draws from core literature on sensemaking. Karl
Weick's work on sensemaking is critical to this study's framework. As Weick (1995) described,
sensemaking is an ongoing human process by which individuals take in, organize, and develop a
set of ideas based on input stimuli. Weick (1995) stated, "sensemaking is about such things as
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the placement of items into frameworks, comprehending, redressing surprise, constructing
meaning, interacting in pursuit of mutual understanding, and patterning" (p. 6). This focus on
how individuals make sense of stimuli is key to this study. Weick also maintained a unique
distinction between sensemaking and interpretation. According to Weick, sensemaking differs
from interpretation in that the former employs an active application progression beyond the
latter's boundaries. Weick (1995) asserted, "Sensemaking is clearly about an activity or a
process, whereas interpretation can be a process but is just as likely to describe a product. . . .A
focus on sensemaking induces a mindset to focus on process, whereas this is less true with
interpretation" (p. 13). In other words, sensemaking is fluid and continuously influenced by daily
stimuli. This study rests on this idea to better understand the sensemaking process of teachers.
Though they are not completely divergent from each other, the distinction is important to the
theoretical framework of this study.
Weick's theory on sensemaking articulates seven properties of the process of
sensemaking. As identified and defined in Table 1, the described properties are interrelated.
While presented in a sequence for the sensemaking process, the sequence itself is described by
Weick (1995) as "crude" (p. 18). This description reflects the dynamic nature of sensemaking
and the possible nonlinear application of certain properties during the sensemaking process. Each
"step" in its way drives or influences how an individual makes sense of unique stimuli. This
study hopes to better understand teachers' self-concept and ideal self as assessors of students'
science understanding as it relates to sensemaking.
The properties Weick describes are critical to the theoretical framework of this study.
These properties make up the sensemaking process that the lens through data analysis will occur.
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Critical is that Weick's properties of the sensemaking process interact as participants engage with
a given stimulus.
Table 1
Weick's seven properties of the sensemaking process a
Property
Definition
Grounded in identity
Self-image and the influences that shape self-image will drive
construction
sensemaking by becoming a filter for stimulus.
Retrospective

The sensemaking process occurs after the stimulus has already passed,
making the process somewhat reflective or evaluative.

Enactive of sensible
environments

Stimuli are received from the environment, and the act of sensemaking,
in turn, impacts the environment.

Social

Sensemaking always occurs within a social context rather than in
isolation of others.

Ongoing

The process of sensemaking is continuous and does not have a clear
ending.

Focused on and by extracted
cues

As one observes a stimulus, signals they use to engage in the
sensemaking process are determined by the context of the situation.

Driven by plausibility rather
than accuracy

Reasonable meaning achieved through sensemaking is more important
than a completely accurate reading.

a

Adapted from Weick, 1995.

Beginning with identity construction, participants must confront their own identity related to
their experiences as facilitators of assessment in science classrooms. After experiencing a
stimulus through the filter of their constructed identity, participants can be retrospective with
their thoughts and engage in the social nature of sensemaking with fellow participants.
Throughout, there are multiple opportunities to participate in a reflective feedback process,
characterizing the ongoing nature of sensemaking as described by Weick (1995). The presence of
multiple feedback loops is important because reflection allows someone to be aware of how their
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exposure to a stimulus interacts with different aspects of the sensemaking process and, within the
context of this study, identity construction. Within the context of this study, the property of
identity construction is central to understanding how teachers make sense of their self-concept as
assessors in science. A further literature review will define self-concept and highlight the link to
Weick's theory on sensemaking.
Literature Review
In the following literature review, several subsections will be expanded upon. First, a
definition of self-concept and the ideal self will be described to provide more context
surrounding these critical components of sensemaking. Next, literature on self-concept and its
association with instructional practice will be explored as it links self-concept to teachers'
practices. To define the ought self, literature on the best practices of NGSS-aligned assessment
will be presented through an in-depth review of literature related to assessment of each
dimension of NGSS as well as three-dimensional assessment design.
Defining Self-Concept and the Ideal Self
Within the work of Weick, the property of identity construction presents itself as one
"step" in the sensemaking process. The notion of identity is important to this study, as it seeks to
gain a deeper understanding of how teachers make sense of their identity relative to assessment
in science. Within his work, Weick (1995) discussed identity construction and its role in
sensemaking as "an ongoing puzzle undergoing continual redefinition, coincident with
presenting some self to others and trying to decide which self is appropriate" (p. 20). This idea
that the sensemaker as an individual is in a continuous state of balancing their own definition of
who they are and who they aspire to be is similar to the theories of Carl Rogers on self-concept.
Thus, Carl Rogers' work on self-concept becomes critical to this study. Rogers's work on self-
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concept theory centers on the notion that the result of an individual's perceptions and schema are
organized into one's self-concept (Riding & Rayner, 2001). Rogers states that to be one's self
"means to find the pattern, the underlying order, which exists in the ceaselessly changing flow of
[one's] experience" (1961, p. 114). Weick and Rogers' definitions of identity construction and
self-concept are consistent in the idea that while self-concept is a consistent composition of one's
perceptions of themselves, it is also fluid. A person's view of themselves can be influenced by
experiences (Rogers, 1959). These "self-experiences" Rogers defined as "the raw material of
which the organized self-concept is formed" (p. 200). Another critical component of Rogers'
theory on self-concept is the construct known as the ideal self. Rogers defines this term as an
individual's vision of a self-concept that the individual would most like to embody (Rogers,
1959). In other words, they aspire to be a version of themselves based on the characteristics or
qualities they value most highly.
The interplay between self-concept and the ideal self are important constructs within this
study's framework. According to Rogers' (1987) theories, an individual desires a congruent selfconcept and ideal self. Incongruencies between these poles create what theorists have described
as "self-discrepancy." E. Tory Higgins defines self-versus-ideal discrepancy as to when the
"current state of his or her actual attributes, from the person's own standpoint, does not match the
ideal state that he or she personally hopes or wishes to attain" (p. 322). The presence of
discrepancy creates discomfort for the individual and, according to Weick, disrupts the
sensemaking process. Weick (1995) wrote, "sensemaking occurs in the service of maintaining a
consistent, positive self-conception" (p. 23). Therefore, congruency between one's self-concept
and ideal self is critical to maintaining consistency and fulfillment while engaging in the
sensemaking process (Higgins, 1987; Rogers, 1961; Weick, 1995).
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For Rogers, incongruencies are born from experiences that do not mesh with the
individual's self-concept (Rogers, 1959). As illustrated in Figure 1, greater congruence between
experiences and self-concept yields greater congruence between self-image and the ideal self.
This ongoing process requires the individual to be open to experiences (Rogers, 1959). Rogers
(1961) stated that one who is open to experiences "is able to take in the evidence in a new
situation, as it is, rather than distorting it to fit a pattern which he already holds" (p. 115).
Figure 1
Self-concept, experiences, ideal self and congruencya

a

Adapted from Rogers, 1959

This ability to take in and interpret stimulus experiences openly is similar to the theory on
sensemaking by Karl Weick. Weick (1995) stated that identity construction is influenced by
experiences in the field, similar to Rogers' assertion on the role of experiences. This study better
understands how teachers make sense of their self-concept related to their assessment practices
and their perceptions of various experienced factors that can present either supports or barriers to
the increasing congruence between their self-concept and ideal self. Rogers (1959) stated, "Man
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lives essentially in his own personal and subjective world, and even his most objective
functioning, in science, mathematics, and the like, is the result of subjective purpose and
subjective choice" (p. 191).
This notion is consistent with Weick's properties of sensemaking, as both theorists rest on
the idea that one's self-concept is influenced by experiences and the work of reflection on the
choices one makes. Through the lens of Rogers, finding congruency between one's self-concept
and their ideal self would bring an individual through the process of sensemaking to balance
external stimuli and social context to identify the self-discrepancies that may exist. In tandem
with Rogers' theory of self-concept, self-discrepancy theory provides insight into one of the
many factors that influence teacher sensemaking.
How Teachers' Self-Concept Relates to Practice
Literature reveals that a teacher's self-concept is related to their attitudes in the classroom
and their instructional practice. Guskey (1988) concluded that teachers whose self-concepts
reflected confidence and effectiveness in their teaching strategies appeared to be the most open
to learning and implementing newly taught and innovative teaching practices; while the teachers
whose self-concepts reflected lower effectiveness appeared to be less receptive to the innovation.
In another study, Relich (1996) focused on mathematics educators and found the following:
The high self-concept teachers were more motivated, more inventive and creative about
how to conduct maths lessons. . . . In contrast to the eight high self-concept teachers, the
eight low self-concept teachers were more likely to be negative and complain about lack
of time and resources to implement what they clearly understood to be the more
successful ways of teaching mathematics. (pp. 191-192).
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This notion reflects Rogers' theory on self-concept as recognizing the presence of an ideal self
from an instructional practice perspective. Evidence from this literature shows that self-concept,
as described by Rogers, is indeed associated with instructional practice. When researchers
identified alignment between self-concept and the ideal self, teachers engaged in effective
teaching practices more fluidly. Further literature reflects Rogers' theory in the classroom with
similar conclusions. One study defines teacher self-concept as the teacher's perception of their
effectiveness, which reflected a similar connection between teachers' self-concept and their
practices to the 1988 study by Guskey. In this study, the researcher found that teachers whose
self-concept reflected high competency as an educator were likely to use multiple teaching
methods, as compared to those less likely to show flexibility in teaching practices when reporting
lower or more moderate competency-based self-concepts (Yeung, 2014). Again, teachers finding
alignment between their instructional practices and their described ideals were also engaging in
effective practices. This is echoed in other literature as well. One researcher wrote, "Teachers
who feel competent enough and prepared to improve their communicative and teaching skills
communicate better with their students and have an overall better understanding of their selves—
i.e., they create a positive self-concept" (Maskimovic, 2019, p. 113). Other studies have explored
the nature of self-concept to be influenced by experiences one has in their field. A 1970 study on
music student teachers and self-concept determined that the student teaching experience
positively affected the student teacher's self-concept, noting a "significant change at the end of
the student teaching experience in a positive direction" (Wink, 1970, p. 236).
While the previously mentioned study by Relich (1996) recognized the presence of an
ideal self in comparison to the self-concept of teachers, this literature also supports selfdiscrepancy theory as it relates to instructional practices. In a study on novice teachers, the
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researcher discussed the effects of incongruencies between the self-concept of novice teachers
and their ideal teacher selves. For the participants in this study, self-discrepancy created negative
impacts on their motivation to improve practice. The researcher states that the gap between selfconcept and the ideal self "created conflicts in their possible selves and prevented those selfimages from functioning successfully as future self-guides" (Kumazawa, 2013, p. 52). When
teachers experienced discrepancy, or incongruence, between their self-concept and ideal self
related to instructional practices, they were not as motivated to align their teaching with best
practices. For the participants of this study, engaging in reflective practices allowed them to be
aware of the incongruencies and restore motivation to improve in the field (Kumazawa, 2013).
Additional literature points out that some incongruencies between self-concept and the ideal self
are unknown to the teacher until engaging in a reflective practice. For example, in a study
focused on instructional practices in high school biology classes, Bol and Strage (1996) noted
that the reported ideal self related to instructional goals was not reflected in their participants'
actual course materials. This led to researchers concluding that teacher self-concepts related to
instructional practices were incongruent with the teachers' ideal self as a science teacher.
Following analysis of the observed course materials, teachers engaged in a reflective activity to
confront the incongruence, identifying several factors, such as textbook materials and individual
perceptions of the importance of different course topics, that they found to be barriers to
congruence.
Bol and Strage's (1996) study also highlights that the ideal self relative to instructional
goals of the participating teachers were aligned to best practices. This is an important distinction
because it emphasizes that the characteristics of the ideal self that the teachers aspired to were
pedagogically sound, according to their standards for instruction. This alignment between the
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ideal self and what will be defined as the ought self is also vital to this study. Additionally, with
respect to the literature reviewed, it is well studied that self-concept is associated with
instructional practice. The alignment of the self-concept and ideal self of the teacher is associated
with willingness to engage in effective teaching practices. However, with much of the research
on self-concept and teachers focusing on instructional practices, very little research exists to
emphasize teachers' self-concept as it relates to their assessment practices.
Best Practices with Respect to Assessment
To define the ought self-described in the theoretical framework, literature on NGSSaligned assessment practices was reviewed.
The Assessment Triangle
The National Research Council (2014) described assessment as "a process of reasoning
from evidence" (p. 48). When viewed as a system of assessments, assessment should provide a
set of evidentiary data from which inferences can be drawn about student science achievement.
This idea is consistent with other literature on assessment and the concept of an "assessment
triangle" (National Research Council, 2001).
To that point, this study drew upon the concept of the assessment triangle (National
Research Council, 2001). In the assessment triangle, assessment design is approached through an
equal balance of three elements: cognition, observation, and interpretation (Figure 2). Cognition
reflects the intended outcome for demonstrating understanding within a content area (National
Research Council, 2001). The first place to consider regarding cognition when designing
assessments to align with the NGSS are the embedded performance expectations. As stated in the
literature, "The performance expectations, in particular, provide a foundation for the
development of assessment tasks that appropriately integrate content and practice" (National
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Research Council, 2014). performance expectations act to bring a specific practice, core idea,
and crosscutting concept together to establish a basis for developing three-dimensional science
assessments.
The second element of the assessment triangle, observation, reflects task design and the
types of tasks students are engaged in. Task design, as a result, should be consistent with SEPs
and provide opportunities for educators to draw meaningful data from student performances
(National Research Council, 2014).
Figure 2
The assessment trianglea

a

National Research Council, 2001

The National Research Council's work Developing Assessments for the Next Generation Science
Standards (2014) describes a construct-centered approach to assessment design practices in
which cognitive complexity of tasks is central. Tasks traditionally considered to be of low
cognitive demand (such as multiple-choice questions) can be artfully designed to be more
cognitively complex when utilizing all three dimensions of NGSS. Conversely, a task that may
appear complex, such as conducting a scientific investigation, may, in fact, be of a lower
cognitive demand if not designed properly (National Research Council, 2014).
The final element, interpretation, represents the work of educators to create inferences
from the observations of student performance. Working interrelatedly with the other two
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elements, if the cognition of an assessment task establishes a model for gathering observations of
student performance, then "interpretation of the evidence produced should, in turn, supply
insights into students' progress that match up with that same model" (National Research Council,
2014, p. 50).
Criteria for NGSS-Aligned Assessments: The Ought Self of Science Assessment
Rogers (1959) identified both the self-concept and the ideal self as sources for individuals
to construct their identities. The self-concept reflects how an individual sees themselves (e.g., the
characteristics or qualities they currently possess), while the ideal self reflects those
characteristics or qualities the individual hopes to attain. These are qualities that individuals have
placed their own high value on and aspire to converge their self-concept with that ideal self
(Rogers, 1961). Higgins' (1987) worked on self-discrepancy theory presents a third self to
consider as well: the ought self. Higgins described the ought self as the attributes that an outside
party believes the individual should obtain. In other words, the ought self is the version of an
individual that someone (other than the individual) holds as the model for that individual. As an
analogy, the ought self might be compared to the characteristics a parent values for their child.
Figure 3 demonstrates how the properties of Weick's sensemaking process, along with the
presence of an outside party-created ought self, interact as individuals encounter varied
experiences in the field. This interplay of the sensemaking process with the ought self is vital to
this study. Within the context of this study, the presence of an ought self creates another
opportunity for potential congruence and incongruence. More specifically, this study hopes to
better understand the extent to which ought self-understandings are associated with self-concept
and ideal self.
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Figure 3
Participant engagement with the sensemaking processa

a

Adapted from Weick, 1995; Higgins, 1987.

The National Research Council (2014) suggested that criteria for NGSS aligned assessment
connect the pedagogy associated with instruction to the system of assessment. These
characteristics are
1. the use of a variety of assessment activities that mirror the variety in NGSS-aligned
instruction;
2. tasks that have multiple components so they can yield evidence of three-dimensional
learning (and multiple performance expectations);
3. explicit attention to the connections among scientific concepts; and
4. the gathering of information about how far students have progressed along a defined
sequence of learning. (p. 87)
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Rooted in these characteristics is the purposeful and varied use of all three dimensions of NGSS
within every assessment task or activity in which students engage. According to this criterion,
high-quality assessments should be explicit in their use of each dimension and clearly place
students within a learning progression. In the context of this study, this becomes the basis for the
"ought self" as it relates to NGSS-aligned assessment: the set of qualities of assessment that an
outside party (in this case, the National Research Council) believes should be obtained by the
individual.
The following reviewed literature is presented through four subsections to further explore
the ought self as it relates to NGSS-aligned assessment. The first three subsections address
findings from literature as they relate to the assessment of each dimension of NGSS: (SEPs),
(DCIs), and (CCCs). The final subsection presents findings relevant to integrating the three
dimensions of NGSS in science assessments as emphasized by previous literature as a central
feature of aligned assessment tasks in science.
Assessing Science and Engineering Practices
One of the three dimensions of NGSS is the SEPs. As defined by the framework, the
SEPs characterize students' eight actions during science discovery (National Research Council,
2012). These practices are listed in Table 2. Further, as a student progresses through their science
education, each grade band deepens its application of all practices, constantly spiraling and
building off the previous band. Within the boundaries of student science assessment practices,
SEPs play an important role in providing a vehicle for demonstrating scientific understanding.
While students may engage in the content through a specific SEP in isolation, the literature
suggests that a high-quality science assessment system engages students in various practices
when assessing the understanding of a given core idea.
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Table 2
The three dimensions of NGSSa
Science and Engineering
Practices

Disciplinary Core Ideas

• [SEP1]: Asking questions (for

• Physical Sciences (PS)
science) and defining problems
o [PS1]: Matter and its
(for engineering)
interactions
• [SEP2]: Developing and using
o [PS2]: Motion and stability:
models
Forces and interactions
• [SEP3]: Planning and carrying
o [PS3]: Energy
out investigations
o [PS4]: Waves and their
• [SEP4]: Analyzing and
applications in technologies for
interpreting data
information transfer
• [SEP5]: Using mathematics
• Life Sciences (LS)
and computational thinking
o [LS1]: From molecules to
• [SEP6]: Constructing
organisms: Structures and
explanations (for science) and
processes
designing solutions (for
o [LS2]: Ecosystems:
engineering)
Interactions, energy, and
• [SEP7]: Engaging in argument
dynamics
from evidence
o [LS3]: Heredity: Inheritance
• [SEP8]: Obtaining, evaluating,
and variation of traits
and communicating
o [LS4]: Biological evolution:
information
Unity and diversity
• Earth and Space Sciences (ESS)
o [ESS1]: Earth's place in the
universe
o [ESS2]: Earth's systems
o [ESS3]: Earth and human
activity
a

Crosscutting Concepts
• [CC1]: Patterns
• [CC2]: Cause and effect
• [CC3]: Scale, proportion,
•
•
•
•

and quantity
[CC4]: Systems and
system models
[CC5]: Energy and matter
[CC6]: Structure and
function
[CC7]: Stability and
change

Adapted from National Research Council, 2012

According to Pellegrino (2016), "Effective use of the practices often requires that they be used
in concert with one another, such as in supporting explanation with an argument or using
mathematics to analyze data" (p. 21). This idea certainly has implications for best assessment
practices in science. Multi-component assessment tasks that require students to engage in a
variety of SEPs will be considered the ideal design to assess student understanding in science
(Harris, 2016). Thus, when considering the alignment of assessment practices to NGSS, the
integration of SEPs should be considered.
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Assessing Disciplinary Core Ideas
DCIs are a dimension of the NGSS that represent the essential understandings of the
major science disciplines, displayed in Table 2. At the heart of NGSS is a philosophical mindset
that all details of the natural world cannot be taught; rather, it is most important for instruction to
focus on a finite number of key scientific understandings (National Research Council, 2012).
This approach allows students to explore the ideas central to physical science, life science, and
earth and space science in more depth and build a larger and more organized conceptual basis of
knowledge. Further, the literature states that in the development of NGSS, the core ideas are
structured as a learning progression. As one travels through each grade band, core ideas build
with an increasing level of sophistication. Similar progressions also exist regarding the
expectations for the application of science and engineering practices and crosscutting concepts
within the constructs of grade bands (Wilson, 2009). As stated, the use of a learning progression
model has implications on assessment design as well—assessment task development requires
attention to assessment boundaries established within the performance expectations and strives
towards a knowledge-in-use application of DCIs (Pellegrino, 2015). Thus, when considering the
alignment of assessment practices to NGSS, how the DCIs are integrated should be considered.
Assessing Crosscutting Concepts
The third dimension of the Next Generation Science Standards is Crosscutting Concepts.
As defined in the framework (National Research Council, 2012), CCCs "have application across
all domains of science" (p. 30). There are seven distinct Crosscutting Concepts defined by the
NGSS Framework, outlined in Table 2. Further, the framework goes on to explain that, "These
concepts help provide students with an organizational framework for connecting knowledge
from the various disciplines into a coherent and scientifically-based view of the world" (p. 83).
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Explicit Use of Crosscutting Concepts. While these frames for thinking about science
are universal across all science disciplines, there is still a need for direct instruction to the
concepts themselves. Students should be exposed to explicit use of the CCCs as they develop
their personal toolkits to understand and apply scientific knowledge (National Research Council,
2012). In fact, the explicit use of a particular Crosscutting Concept can determine the lens
through which students deepen their understanding of a scientific idea (Fick, 2017). In Fick's
study, the researcher found that student representation of a conceptual model or development of
a scientific explanation will be guided by the Crosscutting Concept being implemented by the
student. The aspects of a particular scientific phenomenon included in a student-created
explanation are likely shaped by the CCC being used. If the CCC lens is changed, different
conceptual aspects of the phenomenon being explained will likely also be included or excluded
(Fick, 2017). The idea of Crosscutting Concepts being viewed as various lenses through which
scientific phenomena can be examined and subsequently explained is supported by other
literature, such as Duncan and Cavera (2015). They suggest that students can develop new
understandings by changing the CCC being used to examine a concept. Duncan and Cavera
(2015) identified an implication for classroom instructional practices that teachers should be able
to move students from one lens to another based on the concept under investigation, with explicit
use of Crosscutting Concepts as toolbox lenses to navigate scientific understanding and
application. Similarly, other existing literature uses the metaphor of Crosscutting Concepts as
lenses through which students may identify characteristics of a phenomenon they would have
otherwise overlooked should they have been viewing through a different CCC lens (Rivet et al.,
2016). For example, when looking at a photograph of a natural rock arch, students employing the

32

lens of patterns may notice the striations in the rock formation that could have otherwise been
excluded if employing a different Crosscutting Concept lens.
Further literature discusses suggestions for teachers to use Crosscutting Concept
terminology explicitly in the question stems developed for classroom science assessment.
Explicit use of a CCC in a question stem provides an organizational framework for students
while focusing student thinking on particular aspects of an investigated phenomenon (Council of
Chief State School Officers, 2018). For example, direct use of the Crosscutting Concept of
patterns in a question stem might ask students, "What patterns in the data exist that can help to
explain the relationship between deer population and available land resources?" Additionally,
combining multiple Crosscutting Concepts into question stems ("How do the patterns of deer
population change if predators are introduced to the ecosystem?") has the potential for more
robust student explanations that bring in multiple "lens" perspectives to a particular
phenomenon.
Figure 4
Explicit use of crosscutting concepts and student scientific reasoninga

a

Moulding and Bybee, 2017
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This explicit use of Crosscutting Concept terminology in question prompts has definite
implications on student scientific reasoning. In a process described by Moulding and Bybee
(2017), continued and explicit exposure to the Crosscutting Concept lenses in question prompts
leads to independent student application of CCCs when making sense of a unique phenomenon
or scenario (Figure 4). Students begin to select and apply their own lenses for thinking and
reasoning in science. Student engagement with CCC lenses gives students frameworks for
structuring responses, which provides assessment feedback to teachers to inform future
instruction (Moulding & Bybee, 2017).
Functional Grouping of Crosscutting Concepts. When considering the use of CCCs in
instruction, the explicit use of CCC terminology plays a role in establishing a lens for student
reasoning in science. As discussed by Moulding and Bybee, explicit use of question prompts
empowers students to apply Crosscutting Concepts independently when understanding a unique
phenomenon or scenario presented during a science task (Moulding & Bybee, 2017). Another
key piece by Moulding (2015) discussed how grouping the seven Crosscutting Concepts into
three functional groups supports their use to frame thinking and develop reasoning about a
phenomenon (Figure 5).
Teachers and program developers can structure questions within the three functional
groupings to prompt students towards a broader thinking framework. Functional groupings
provide an overarching lens for applying CCCs to scientific knowledge discovery. Additionally,
grouping Crosscutting Concepts by function promotes the coupling of CCCs in scientific
knowledge discovery. It enables students to combine lenses from each functional group and a
shift from one lens to the next (Moulding, 2015).
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Figure 5
Functional grouping of crosscutting conceptsa

a

Moulding et al., 2015

Thus, when considering the alignment of assessment practices to NGSS, how CCCs are
integrated and the language used to communicate tasks to students should be considered.
Three-Dimensional Assessment Design
When considering integration of the Science and Engineering Practices, Disciplinary
Core Ideas, and Crosscutting Concepts, literature often points to various aspects of assessment
design to develop three-dimensional tasks. Evidence-centered design, for example, describes an
approach to creating science assessments through evidence-based claims about student learning.
Teachers developing assessments using an evidence-centered design approach seek to create
tasks that explicitly provide tangible evidence of student understanding. A developer must first
verbalize what knowledge is sought and what action the student will perform to communicate
this knowledge (National Research Council, 2014). This speaks to the union of Science and
Engineering Practices and Disciplinary Core Ideas in terms of integration. Utilizing these two
dimensions of NGSS, the developer can create a piece of evidence from which a claim about
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learning can be made. This approach also requires the dimension of Crosscutting Concepts to be
implemented as a lens, as described in earlier literature presented by Fick (2017). As written by
Pellegrino (2018), in the absence of integration between practices and content, "students often
possess only fragmented knowledge of isolated science facts and lack the abilities to use their
knowledge to explain phenomena or solve meaningful problems" (p. 1). This has certain
implications for policy and practice as it relates to the assessment practices teachers engage in
when developing assessments in alignment with NGSS. The ought self for this style of
assessment, as described, presents that set of criteria as expected by the individual from the
outside entity of the National Research Council, and through the adoption of the NGSS from
their local school district alike.
Summary of Literature
Sensemaking is defined as an ongoing human process by which individuals take in,
organize, and develop a set of ideas based on input stimuli (Weick, 1995). Self-concept and ideal
self relate to sensemaking because they are critical to identity construction within the
sensemaking process. Self-concept is defined as the characteristics or qualities an individual
currently considers part of their identity (Rogers, 1959), while the ideal self reflects the
characteristics or qualities the individual aspires to or holds as ideal (Rogers, 1959). Another
component related to sensemaking from the literature is the ought self. It is defined as the
attributes that an outside party believes the individual should possess (Higgins, 1987). The
literature consistently showed an association between self-concept and instructional practices.
The literature revealed multiple case studies in which teachers with high self-concepts were more
open to utilizing different or varied instructional practices in the classroom (Guskey, 1988;
Maskimovic, 2019; Relich, 1996; Yeung, 2014). Literature also saw teachers who had
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convergence between their self-concept with their ideal self were able to successfully implement
best instructional practices (Bol & Strage, 1996; Kumazawa, 2013).
Two key gaps stood out in the review. First, while a strong connection between selfconcept and instructional practices is well-studied, the association between self-concept and
assessment practices is not well studied. Second, while it was found that teachers' self-concept
and ideal self need to be in balance for best practices to be enacted, the factors related to that
balance were not broadly explored. To those points, this study explored the self-concept of
teachers as it relates to the sensemaking process of teachers when designing and implementing
NGSS-aligned assessments, as well as key elements of NGSS understandings and ideal self to
see if any associations exist in the literature regarding instructional practices hold for assessment
practices as well. Additionally, this study aims to investigate any potential factors that either
support or present barriers to congruency between teachers' self-concept and the ideal self as it
relates to assessment practices in science. This allowed the researcher to develop a deeper
understanding of how teachers make sense of their assessment practices and the factors that play
a part in any self-discrepancy.
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CHAPTER 3: METHODOLGY
The purpose of this mixed methods research study is to explore teachers' sensemaking
processes related to designing and implementing NGSS-aligned assessments. Through the
theoretical sensemaking lens, it examines teachers' NGSS-aligned assessment understandings as
well as both personal and external factors that they believe influence their self-concept, ideal
self, and practice. It specifically asks:
1. How can we describe how high school science teachers are conceptualizing best
assessment practices, self-concept, and ideal self with respect to assessing in science?
a. What are, if any, the observed associations in high school science teachers'
conceptualization of best assessment practices, self-concept, and ideal self?
b. What factors do high school science teachers perceive as either supports or
barriers to converging their practice with ideal assessment practices?
Research Methodology and Design
This study was a convergent parallel mixed methods research study. As defined by
Johnson and Onwuegbuzie (2004), mixed methods research is research conducted in which the
researcher combines both qualitative and quantitative strategies for data collection and analysis
into one study. In this study, this definition is appropriate as the researcher investigates teachers'
sensemaking processes related to designing and implementing NGSS-aligned assessments. Two
distinct types of data are being collected and analyzed. This would further be characterized as
being convergent parallel in nature. Creswell and Plano Clark (2017) described convergent
parallel mixed methods as when
two parallel strands of data are collected and analyzed independently and are only
brought together during the interpretation. The researcher uses the two types of data to
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examine facets of the same phenomenon, and the two sets of independent results are then
synthesized or compared during the discussion. (p. 73)
This study focuses solely on the perceptions of high school science teachers from one particular
school district. The methodology of this study seeks transferability (Tashakkori & Teddlie,
2003), meaning it could serve as a framework for replication in other similar school districts and
ultimately enrich our understanding of how teachers are making sense of the factors they
consider to support or present barriers to aligning best assessment practices to their self-concepts.
Participants and Setting
All participants for this study were employed by the same school district and teach in the
same public high school. This is the only high school for the school district, which serves
approximately 2,200 students. The district as a whole falls in the District Factor Group "GH"
while serving a total of approximately 7,000 students (NJDOE, 2020). Within the high school
studied, teachers are observed and evaluated by the content department chair. The participants
for this study are observed by the high school's Science Department Chair. This individual
supervises only the science program in grades 9–12. Teachers within the district are provided 3
full-day professional development in-services and four 4-day professional developments. In
addition, teachers attend monthly department-level meetings.
This study identified participants based on a prescribed set of sampling criteria. All
participants were employed by the same public high school and teach a science-based subject in
grades 9–12. Further, all participants had been employed by this school district for a minimum of
2 full school years. This allowed the researcher to know that the identified participants are
currently implementing a curriculum aligned to NJSLS-Science and have at least 2 years of
experience in instructing and assessing students with an NGSS-aligned curriculum. Since all
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teachers in this high school implement district-approved science curricula, it further assumes that
each school has the same expectations for its teachers with respect to curriculum implementation.
This study identified 12 participants based on the above-stated criteria. This study
acknowledges that participants identified based on this criterion are a sample of the science
teaching community. In a study by Guest et al. (2006), the researchers saw that through analysis
of interview data, 92% of all codes developed for the study were established within the first 12
interviews analyzed.
Data Collection and Instrumentation
This study collected three data sources: closed surveys, open-ended surveys, and
interviews. All three sources were used to answer the main research question and, as appropriate,
its subquestions. While this study collected both quantitative and qualitative data, priority is
being given to the qualitative data.
Closed Survey
The identified participants completed a survey that provided insight into associations
among NGSS understandings, self-concept, and ideal self. This study utilized closed surveys.
Surveys are tools used to gather information from a selected sample population that may
represent a larger group. Surveys, more specifically, closed surveys, are appropriate for this type
of study to gain insight into the self-concept of science teachers as they relate to the assessment
practices. Surveys as an instrument have been used to gather information regarding teacher
instructional practices (Desimone, 2002). The survey was composed of Likert-scale items, based
on a valid and reliable survey developed specific to the instructional practices aligned with
NGSS (Hayes et al., 2016). The 31-item survey was based on literature related to science
instructional practices and focused on subsections such as models, data collection and analysis,
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and prior knowledge. Participants of the Hayes et al. (2016) study rated each item on a scale of 1
to 5 based on how often each item was present in their instructional practices. Table 3
demonstrates a few sample items from the survey. Within this study, the researcher modified the
Hayes et al. survey to focus on assessment practices rather than instructional practices from
which quantitative data regarding NGSS understandings were collected. For example, a survey
item may be "How often do your students use modeling to develop explanations of unique
phenomena?" In addition to these survey questions related to assessment practices, there were
additional Likert-scale items related to the key defining characteristics of self-concept. For
example, one survey item may ask, "How would you rate your effectiveness with respect to
utilizing student-developed models as a means of assessment?"
Table 3
NGSS instructional practices survey itemsa
How often do your students do each of
Never
the following in your science classes?

Rarely (a
few times a
year)

Sometimes
(once or
twice a
month)

Often (once
or twice a
week)

Daily or
almost
daily

1. Generate questions or predictions to
explore
2. Identify questions from observations
of phenomena

1

2

3

4

5

1

2

3

4

5

3. Choose variables to investigate (such
as in a lab setting)

1

2

3

4

5

a

Hayes, Lee, DiStefano, O'Connor, & Seitz, 2016

Other survey items were included to gather data relative to the key defining characteristics of the
ideal self. For example, one of these survey items may ask, "How would you rate your ability to
align your current assessment practices with your idea of best practice?" A pilot test of the
survey was given to two teachers who are not participating in this study to ensure readability and
rigor in light of the adaptions.
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Open-Ended Surveys
This study utilized open-ended surveys that provided insight into how teachers perceive
the constructs related to the main research question and its subquestions. Surveys can be
considered to have similar benefits when gathering information to interviews and may be thought
of as analogous in design (Salant, 1994). The open-ended survey was appropriate because it
allowed participants to provide information related to their perceptions of how they identify and
negotiate the factors that support or inhibit NGSS-aligned assessment practices through
purposeful questioning. Open-ended survey items "do not provide choices from which to select
an answer. Instead, respondents must formulate an answer in their own words" (Salant, 1994, p.
79). The survey is designed to utilize open-ended questions because self-concept and ideal selfrealization are closely tied to the field experience of the respondent. For example, a survey
question may be, "Describe a single assessment you designed and your process of aligning it to
NGSS expectations." Fowler (1995) stated that "the strength of survey research is asking people
about their firsthand experiences: what they have done, their current situations, and their feelings
and perceptions" (p. 78). Acting as a starting point for data collection with regard to the ideal
self, survey questions were designed in a manner to allow for the interview to dig deeper and
gain further insight into the experiences of each participant to better understand the factors they
have encountered that either support or inhibit their ability to align their self-concept with their
ideal self relative to assessment in science. A pilot test of the open-ended survey was given to
two teachers who were not participating in this study to ensure readability and rigor.
Interviews
Interviews were also used in this study to provide more insight into the constructs related
to the main research question and its subquestions. In Rubin's (2005) work on structuring
interview questions, there is a distinction between main questions and probes, where main
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questions "cover the overall research problem" while probes "encourage the conversational
partner to provide needed detail to flesh out narratives and stories" (p. 152). Following Rubin's
guidance, the main questions for the interview first asked participants to answer questions related
to their perception of themselves as an assessor, their ideal self, and the encountered factors
relative to NGSS alignment of assessment practices. Rubin's position to make main questions
answered by the participants based upon their own experiences in the field is critical because this
information provides the background information on the ideal self of participants to later provide
further insight into the factors that support or inhibit this ideal self. An example of a main
question may be, "Based on your experiences, how would you describe best practices for
assessment in science?" or "Based on your experiences, how would you describe your
effectiveness in implementing best practices for assessment?" Probe questions, as Rubin
described, were implemented through an interview to gather more information on specific
content. The probe questions drew out as much truthful detail as possible in participants'
responses (Rubin, 2005). So, while the interview portion of data collection followed an interview
protocol, it will be more of an outlined protocol that is fluid to account for individual teacher
responses. A probing question posed during an interview may be, "What is a specific example of
how an experience or support helped you to design an NGSS-aligned assessment?" Given the
context of the COVID-19 virus, a more traditional in-person interview is being modified to
ensure the safety of participants. By utilizing video chat with individual participants during the
interview, data can still be collected in a safe environment. After digitally securing the video
recordings of participant interviews, the researcher transcribed the interviews for coding. A pilot
test of the interview protocol was conducted with two teachers not participating in this study to
ensure clarity and rigor.
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Data Analysis
To address the main research question regarding conceptualizations of best assessment
practices, self-concept, and ideal self with respect to assessing in remote/hybrid contexts, data
analysis will require exploring the participants' responses through a specified coding strategy.
Data collected from the open-ended survey and interview responses required both an inductive
and a deductive approach to identify patterns within participants' responses. Throughout this
study, descriptive coding was employed to identify the topics discussed by each participant in
their written responses. Descriptive coding as a strategy is appropriate due to its adaptability to
multiple forms of data collection (Saldana, 2009). An index of topics was developed for further
analysis through this strategy. As needed, more detailed subcodes were developed (Saldana,
2009). From these topics, thematic generation was part of the second coding cycle. This second
cycle formulated themes amongst the indexed-coded topics to identify convergences and
divergences in participant responses for complete analysis (Boyatzis, 1998).
The first cycle utilized an inductive approach to analyze the open-ended survey data. This
is characterized by Mayring (2014) as inductive category formation. An inductive approach to
this analysis is appropriate because, as described in the literature, "The primary purpose of the
inductive approach is to allow research findings to emerge from the frequent, dominant or
significant themes inherent in raw data" (Thomas, 2003, p. 2). Because each participant's
experiences and sensemaking process are based on their perceptions and encounters, it is difficult
to predict potential codes before analyzing survey responses. However, using an inductive
approach, any patterns within participants' experiences that describe how they conceptualize best
assessment practices, self-concept, and ideal self should be revealed through analysis, consistent
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with the main research question. The second coding cycle then looked at the identified patterns
found in the open-ended survey to generate themes from which further data analysis can occur.
To address the subquestion about factors that support or hinder ideal self-assessment
practices alignment, deductive coding took place with the collected interview response data.
Deductive coding used a priori codes or pre-determined codes based on prior expectations or
literature related to the topic of research (Saldana, 2013). Specifically, a priori codes used were
based on the thematic generation developed inductively from the open-ended survey analysis. By
employing a deductive coding strategy, participants' interview responses would be coded using
predetermined categories (Mayring, 2014). In describing deductive coding procedure, Mayring
(2014) wrote,
The categories are deduced from theory, from other studies, from previous research.
Theoretical considerations can lead to further categories or rephrasing of categories from
previous studies, but the categories are not developed out of the text material like in
inductive category formation. (p. 97)
Responses were coded relative to the themes generated related to factors that either support or
present a barrier to designing and implementing NGSS-aligned assessments. The method of
deductive analysis used utilized what Yin (2017) described as pattern-matching. As Yin
describes, pattern matching as a strategy for analysis involves comparing a pattern derived from
research findings with a predicted pattern. Consistent with the second research question, codes
developed to identify factors teachers experience as supports or barriers to NGSS-aligned
assessment practices will serve as the basis for "empirically-based pattern" (p. 175) development;
while the predicted pattern was drawn from the literature on key characteristics of self-concept
and ideal self, as in Table 4. Through inductive descriptive coding, the open-ended survey
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responses were analyzed to allow patterns to reveal themselves from the data. Those emergent
patterns, once identified, can be compared to discover themes relative to experiences support or
barrier factors.
Table 4
Predicted a priori codes for pattern matchinga
Supports effectiveness as an assessor
Supports competency in assessment practices
Supports confidence in assessment practices
Supports motivation to align assessment practices
a

Hinders effectiveness as an assessor
Hinders competency in assessment practices
Hinders confidence in assessment practices
Hinders motivation to align assessment practices

Adapted from National Research Council, 2014

Then, pattern matching can take place with analysis of interview data to identify patterns relative
to how teachers experience the identified factors related to self-concept and ideal self.
Data collected from the participant closed survey was analyzed using descriptive
statistics to address the first subquestion regarding observed associations in participants'
conceptualization of best assessment practices, self-concept, and ideal self. Descriptive statistics
utilized provided "a quantitative description of trends, attitudes, and opinions of a population"
(Creswell, 2017, p. 147). Utilizing descriptive statistics, the researcher was able to identify any
associations between components of the self-concept, such as personal effectiveness, confidence,
competency, and motivation relative to assessment practices in science, relative to the first
research question. Following guidance from Clason and Dormody (1994), specified the
frequencies used to describe the Likert scale data collected for each item. Further, Kendall's tau
coefficient was used to measure the strength of any associations found between
conceptualizations of best assessment practices, self-concept, and ideal self as is the appropriate
measure for associations after first creating two subgroups (Clason & Dormody, 1994). The two
subgroups were based on high and mid/low groupings. For example, a high grouping may be
composed of respondents with a median score for responses associated with self-concept greater
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than or equal to 4.0. The mid/low group would then be composed of respondents with a median
score for these same responses less than 4.0. Descriptive statistics were also used to identify any
associations between the self-concept of the group and components of the ideal self, such as selfdiscrepancy, congruence, and incongruence relative to conceptions of best assessment practices
in science as it relates to the first subquestion. This allowed the researcher to understand any
associations among these concepts and if those associations are similar to those found in the
literature concerning instructional practices. Lastly, using codes related to factors that either
support or inhibit ideal self-alignment of assessment practices, frequencies were counted and
displayed in a table. This allowed the researcher to quantify the qualitative codes related to these
factors as identified by the participants for a more complete analysis.
Ensuring Rigor
In this study, several strategies are used to ensure transferability. Transferability is
defined as how generalizable the study's findings are beyond the specific context of the research
study and to other contexts or groups of people (Tashakkori & Teddlie, 2003). Teddlie and
Tashakkori (2003) identified four dimensions through which the transferability of study findings
can be evaluated. The first is within-design consistency, which asks if the study's design is
consistent with the purpose of the research (Tashakkori & Teddlie, 2003). By utilizing multiple
levels of data analysis within each research component, all with specific regard and adherence to
the research questions, within-design consistency can be ensured. Table 5 outlines the various
components of data collection and the different levels of data analysis within each component.
The second is conceptual consistency, or "the degree to which the inferences are
consistent with each other and with the known state of knowledge and theory" (Tashakkori &
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Teddlie, 2003, p. 40). Another dimension described by Teddlie and Tashakkori (2003) is
interpretive distinctiveness.
Table 5
Data collection and analysis strategy

Research Question
How can we describe how high
school science teachers are
conceptualizing best assessment
practices, self-concept, and ideal self
with respect to assessing in
remote/hybrid contexts?

Related Data Being
Collected
• Closed Survey Likert

scale items
• Open-Ended Survey

Responses
• Interview Responses

Analysis Strategy

How Data Will
Be Presented

• Frequencies
• Inductive category

• Tables
• Coded themes

formation and
thematic generation
• Deductive coding
and pattern
matching

and sample
codebook
• Patterns in
responses

• Tables
• Coded themes

What are, if any, the observed
associations in high school science
teachers' conceptualization of best
assessment practices, self-concept,
and ideal self?

• Closed Survey Likert

• Kendall's tau

scale items
• Open-Ended Survey
Responses

coefficient
• Inductive category
formation and
thematic generation

What factors do high school science
teachers perceive as either supports
or barriers to converging their
practice with ideal assessment
practices?

• Interview Responses

• Deductive coding

• Patterns in

and pattern
matching
• Frequencies of
codes

responses
• Tables

and sample
codebook

This refers to the attention paid by the researcher to the level of difference each possible
interpretation of data has from each other and the very careful consideration that must be given
before ruling out a possible explanation. To ensure these dimensions of transferability, the
researcher utilized two procedures described by Mayring (2014) when developing both deductive
and inductive categories for analysis. Essential for ensuring legitimate results in both procedures
is the inclusion of a feedback loop requiring the researcher to pause and reflect on the category
formation and allow for revision of categories. Figures 6 and 7 show the deductive and inductive
step procedures for category formation, respectively.
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Figure 6

Figure 7

Procedure for deductive category codinga

Procedure for inductive category developmenta

a

Mayring, 2014

Mayring (2014) advised that in both deductive and inductive category formation, the researcher
engage in this revision after a portion of the material has been coded or analyzed. As Mayring
states,
After working through a good deal of material (ca. 10-50 %), no new categories are to be
found. This is the moment for a revision of the whole category system. It has to be
checked if the logic of categories is clear (e.g., no overlaps) and if the level of abstraction
is adequate to the subject matter and aims of the analysis. (p. 81)
With respect to this study, in the inductive analysis stage, the revision stage was utilized
frequently to ensure patterns of responses are identified. A final measure for ensuring the study's
credibility was member checking. The use of member checking served to ensure consistency in
interpretation (Cho & Trent, 2006). By revisiting the data collected through open-ended surveys
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and interviews, the researcher ensured accuracy in the descriptions and perceptions of teachers
gathered in the data. This ensured that the data is credible and consistent during analysis and
interpretation.
Statement of Positionality
The researcher of this study is currently employed by a public school district in New
Jersey as the Supervisor of K–8 Science, Engineering, and World Language. This role requires
the researcher to oversee and manage the curriculum for the science program in grades
kindergarten to eighth grade. This role also required the researcher to steward the direction of the
K–8 science program through the transition to the New Jersey Student Learning Standards for
Science and plan and implement any continued professional development related to the
alignment of practices to the Next Generation Science Standards pedagogy. The participants of
this study are also employed in the high school of the same district in which the researcher is
employed, though the participating individuals are not supervised directly by the researcher. This
does create a recognized bias. To keep these underlying biases in check, the researcher utilized
reflexivity and member checking. The practice of reflexivity required the researcher to maintain
constant reflection of data analysis to ensure bias is not influencing the interpretation of
participant responses. Implementing the feedback loops of Mayring's (2014) inductive and
deductive category formation coding procedure, the researcher was required to pause and reflect
on the category formation and allow for revision of categories due to potential bias. The use of
member checking served as an additional measure to ensure bias is not influencing analysis (Cho
& Trent, 2006). As mentioned, member checking ensured the credibility and consistency of
responses by sharing transcriptions of open-ended surveys and interview data with participants to
check for accuracy.
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Summary of Methods
In summary, this study seeks to gain insight into high school science teachers'
sensemaking processes related to designing and implementing NGSS-aligned assessments. More
specifically, it aims to describe how high school science teachers are conceptualizing best
practices regarding assessment, their self-concept, and ideal self as it relates to assessment
practices during a remote and hybrid learning environment. Further, it aims to better understand
the experienced factors, both personal and external, that support and inhibit their perceived
ability to engage in NGSS-aligned assessment practices. A convergent parallel mixed methods
research methodology was utilized to answer the main research question and subquestions. It
collected closed surveys, open-ended survey responses, and interview responses. Both inductive
and deductive strategies for coding to identify patterns in experiences related to the
conceptualizations of best assessment practices, self-concept, and ideal self, as well as the
perceived supports and barriers to alignment between self-concept and the ideal self was utilized,
consistent with the main research question and its subquestions. Closed surveys were analyzed
using frequencies and Kendall's tau coefficient to identify associations among conceptualizations
of best practices, self-concept, and the ideal self, consistent with the main research and first
subquestion. Frequencies of codes drawn from interview responses reflective of factors
perceived to be either supports or barriers was used to further address the second subquestion.
Reflective feedback loops were established to ensure the researcher is analyzing without bias.
Further, through both inductive and deductive reasoning, as described by Mayring
(2014), themes were generated and applied to support and deepen the analysis of responses.
Additionally, member checking ensured credibility and consistency in the participant responses
during analysis. The use of thematic generation allowed for each component of data analysis to

51

come together and offer insight into the sensemaking process of teachers related to designing and
implementing NGSS-aligned assessments within the context of remote/hybrid learning. Data
analysis through thematic generation better explained how teachers perceive their experiences
with factors that support or hinder ideal self-realization.
Chapter 4 presents the data and findings gathered during this investigation. Chapter 5
presents these findings in relation to the research questions and discuss them in light of the
study's theoretical framework and reviewed literature. It will highlight how findings converge,
diverge, and/or expand previous scholarship and how teacher descriptions of their self-concept
and ideal self and identified supports and barriers to convergence reflect the theoretical concept
of sensemaking and the potential implications on practice in the field.
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CHAPTER 4: FINDINGS
By exploring participants’ sensemaking processes related to designing and implementing
NGSS aligned assessments, this study describes how high school science teachers conceptualize
best practices regarding assessment, their self-concept, and ideal self to assessment practices.
Through the theoretical sensemaking lens, it examined participants’ NGSS-aligned assessment
understandings as well as both personal and external factors that they believe influence their selfconcept, ideal self, and practice. The research questions were:
1. How can we describe how high school science teachers conceptualize best assessment
practices, self-concept, and ideal self with respect to assessing in science?
a. What are, if any, the observed associations in high school science teachers’
conceptualization of best assessment practices, self-concept, and ideal self?
b. What factors do high school science teachers perceive as either supports or
barriers to converging their practice with ideal assessment practices?
A convergent parallel mixed methods research methodology was utilized to answer the main
research question and subquestions. As the study's primary researcher, I collected closed surveys,
open-ended survey responses, and interview responses. Both inductive and deductive strategies
for coding were used when analyzing qualitative data to identify patterns in experiences related
to the conceptualizations of best assessment practices, self-concept, and ideal self, as well as the
perceived supports and barriers to alignment between self-concept and the ideal self. Closed
surveys were also analyzed using frequencies and Kendall’s tau coefficient to identify
associations among conceptualizations of best practices, self-concept, and the ideal self.
Frequencies of codes drawn from interview responses reflective of factors perceived as either
supports or barriers were also generated.
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This chapter the data and findings gathered during the investigation. Data and findings
were presented from each data source: first from the closed survey responses, second from openended survey responses, and last from interviews with participants. First, data and findings are
presented descriptively and through identified patterns regarding the primary research question
and its subquestions. Then, using evidence and patterns triangulated from the merging of all
three data sources, three key meta-inferences or themes are presented relative to high school
science teacher conceptualizations of best assessment practices, self-concept, and the ideal self.
Initial Results and Findings
Closed Surveys
A closed, Likert-scale survey was used to gather data about associations among NGSS
understandings, self-concept, and ideal self. Twelve participants were identified based on
sampling criteria before data collection. All participants were employed by the same public high
school and teaching a science-based subject in grades 9–12. Further, all participants had been
employed by this school district for a minimum of 2 full school years. Data collected from the
participant closed survey was analyzed using descriptive statistics to address the primary
research question and the first subquestion regarding participants’ conceptualization of best
assessment practices, self-concept, and ideal self and any observed associations amongst those
concepts. Frequencies were used to describe the Likert-scale data collected for each survey item.
Further, Kendall’s tau coefficient was used to measure the strength of any associations
found between conceptualizations of best assessment practices, self-concept, and ideal self. To
do this, two subgroups within these data were formed based on high and mid/low groupings. A
high grouping was composed of respondents with a median score for responses associated with
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self-concept greater than or equal to 4.0. Conversely, the mid/low grouping was composed of
respondents with a median score for these same responses less than 4.0.
The closed survey was organized into three subsections. The first subsection had items
focused on the use of NGSS-aligned assessment practices. As displayed in Table 6, frequent
responses from this subsection demonstrate a few results.
Table 6
NGSS-aligned assessment practices during remote/hybrid instruction
Never
Rarely (once
How often do your students do each of the
or twice a
following within your science assessment
semester)
designs (formative or summative)?

Sometimes
(once or twice
a marking
period)

Often (once or
twice per
instructional
unit)

Always or almost
always (all or
almost all
assessments)

1. Choose variables to investigate (such as in a
lab setting)

0

3

5

3

1

2. Design or implement their OWN
investigations

0

7

3

2

0

3. Organize data into charts or graphs

0

0

5

3

4

4. Analyze relationships using charts or graphs

0

0

3

3

6

5. Analyze results using basic calculations

0

1

3

3

5

6. Write about what was observed and why it
happened

0

0

1

5

6

7. Present procedures, data, and conclusions to
the class (either informally or in formal
presentations)

0

6

2

2

2

8. Critically synthesize information from
different sources (i.e., text or media)

0

3

3

4

2

9. Develop a conceptual model based on data
or observation (model is not provided by
textbook or teacher)

0

1

6

2

3

10. Explain the reasoning behind an idea

0

0

1

4

7

11. Supply evidence to support a claim or
explanation

0

0

2

4

6

*Note. The total number of participants was 12.

Based on responses, no assessment practices were reported as never done. This indicates that all
participants self-report engaging students in all aspects of NGSS-aligned assessment practices
during remote and hybrid instruction. Statements two and seven within this subsection were
reported as the practices done most infrequently, with seven and six participants reporting
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engaging their students in these practices “Rarely (once or twice a semester),” respectively.
Statements four and five within this subsection reflect practices indicated as at least an “often”
assessment practice by 75% and 66% of the participants, respectively. Statements six, ten, and
eleven within this subsection reflect practices indicated as at least an “often” assessment practice
by 83 to 92% of the participants. This provides evidence that participants describe their teaching
practices as aligned with NGSS best practices, with only a few exceptions. While data showed
no practices that the participating participants do not use, only two practices (students designing
their investigations and class presentations of their conclusions) were used on a rare occurrence
during remote and hybrid instruction. Further, six of the NGSS-aligned assessment practices
described were used often or always by at least 60% of the study participants.
The second subsection of the closed survey contained items related to participants’ selfconcept as an assessor in science. As displayed in Table 7, frequent responses from this
subsection demonstrate some results. Based on the responses, the statements in which the highest
number of participants either agree or strongly agree, with 10, 11, and 12 out of 12 participants,
respectively, regarding self-concept as it relates to knowledge and effectiveness as an assessor
were statements one, four, and seven within this subsection. Both statements five and six within
this subsection reflect nine out of 12 participants as either agreeing or strongly agreeing with
regard to self-concept as it relates to confidence and motivation as an assessor. Statement three
within this subsection reflects eight out of 12 participants as either neutral or disagreeing with
this aspect of self-concept. As evidenced by this data, when conceptualizing themselves as
assessors, participants defined their self-concept as an assessor with high levels of knowledge of
NGSS-aligned expectations, confidence as an assessor, and motivation to align assessment
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practices, with 75% of participants agreeing or strongly agreeing with associated survey items,
but some conflict in self-concept as it relates to effectiveness.
Table 7
Self-concept as an assessor
State how much you agree or disagree with
each statement within the context of
remote/hybrid instruction.

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

1. I am knowledgeable about the expectations
of NGSS-aligned assessment practices.

0

0

2

8

2

2. I am effective in assessing students in a way
that is overall aligned to NGSS-aligned
assessment practices.

0

1

5

5

1

3. I am effective in utilizing all three
dimensions of NGSS in the design of my
assessments.

0

2

6

5

0

4. I am effective in designing assessments that
demonstrate connections among science
content.

0

0

1

7

4

5. I am confident in my ability to design and
implement assessments that utilize a variety of
science practices.

0

0

3

4

5

6. I am motivated to align my own assessment
practices with those of NGSS-aligned
assessment practices.

0

1

2

4

5

7. I am effective in assessing my students,
regardless of the level of alignment with NGSS
expectations.

0

0

0

6

6

*Note. The total number of participants was 12.

While all participants showed a high self-concept regarding overall effectiveness as an assessor
regardless of NGSS alignment, 66% of participants demonstrate a mid to low self-concept as it
relates to effectiveness in using all three dimensions of NGSS in a single assessment.
The third subsection focused on teacher perceptions of the ideal self as an assessor. As
displayed in Table 8, frequent responses from this subsection demonstrate two main results. The
first is that statements one, three, four, and five within this subsection all show at least 10 out of
12 participants either agree or strongly agree with these aspects of the ideal self regarding
NGSS-aligned assessment.
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Table 8
Ideal self as an assessor
State how much you agree or disagree with
each statement within the context of
remote/hybrid instruction.

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

1. An assessor in science should know what the
expectations of NGSS-aligned assessment
practices are.

0

0

0

5

7

2. Assessment in science should be done in a
way that is overall aligned to NGSS-aligned
assessment practices.

0

0

5

6

1

3. All three dimensions of NGSS should be
included in the design of science assessments.

0

0

2

9

1

4. Effective assessment design allows students
to demonstrate connections among science
content.

0

0

0

7

5

5. Science assessments should utilize various
science practices in their design.

0

0

1

4

7

6. I am able to align my own assessment
practices with those of NGSS-aligned
assessment practices.

0

1

4

5

2

7. NGSS-aligned assessment practices are of
high importance when effectively designing
assessments.

0

0

3

7

2

*Note. The total number of participants was 12.

The second result is that statements two and six within this subsection show that only seven out
of 12 participants either agree or strongly agree with these aspects of the ideal self, while five out
of 12 were either neutral or disagreed with the statements. Frequencies provide evidence that
participants regard certain characteristics of the assessor and assessment practices with high
value. Knowledge of NGSS expectations, the ability to use all three dimensions of NGSS in a
single assessment, drawing connections between science concepts, and using a variety of science
practices were all indicated as valued characteristics by at least 83% of participants.
Description and Strength of Associations
These data present a few possible observed associations among the concepts of best
practices, self-concept, and ideal self. One such possible association is one between NGSS-
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aligned best assessment practices and self-concept. Participants defined their practices with
alignment to the SEPs of NGSS and described themselves as having a high self-concept
concerning knowledge of NGSS. This suggests that for participants participating in this study,
one observed association might be that having a high self-concept related to being an assessor in
science is associated with engaging in NGSS-aligned assessment practices during remote and
hybrid instruction. Another observed association may be one between self-concept and the ideal
self. Based on survey data, the described ideal self demonstrates participants placing value in
some characteristics that they also view highly in themselves; for example, knowledge of NGSS
expectations. This suggests that for the participants participating in this study, there may be an
association between these concepts. Using SPSS, Kendall’s tau coefficient was calculated to
analyze the strengths of these observed associations.
First, to determine the strength of the association between self-concept and best practices,
subgroups were first created. The high subgroup was defined as having a median score greater
than or equal to 4.0. In contrast, the mid/low subgroup was defined as having a median score less
than 4.0 on survey items related to NGSS-aligned assessment practices. Next, participants' selfconcept was defined by specific items on the closed survey related to the perception of one’s
competency, effectiveness, confidence, and motivation as an assessor in science during remote
and hybrid instruction. The results of this analysis are displayed in Table 9. These data from this
analysis demonstrate a positive association between self-concept and the use of NGSS-aligned
assessment practices. However, the calculated Kendall’s tau coefficient was not statistically
significant using a p-value of 0.05 for all but two self-concept survey items. This suggests that
while an association exists within the sampled population, the same association may not be
assumed for the larger population.
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Table 9
Associations between self-concept and best practices in assessment (Kendall’s tau coefficient)
Survey Item
1
2
3
4
5
6
Best Practices (τb)
.321
.426
.571
.524
.758
.577
.135
.051
Significance (p ≤ 0.05) .269
Self-concept survey item 1 relates to competency
Self-concept survey items 2, 3, 4, & 7 relate to effectiveness
Self-concept survey item 5 relates to confidence
Self-concept survey item 6 relates to motivation
*Note. The total number of participants was 12.

.073

.008

.040

7
.577
.056

Two survey items related to self-concept did show statistical significance: the positive
association between self-concept as it relates to confidence and best practices (τb = 0.758, p =
0.008) and a positive association between self-concept as it relates to motivation as an assessor
and best practices (τb = 0.577, p = 0.040). This significance suggests that the association found
within the sampled population may also exist in the larger population. In addition, every survey
item related to self-concept indicated positive associations with best assessment practices
through the calculated Kendall’s tau coefficients. This suggests that having a high self-concept
related to being an assessor in science is, indeed, associated with engaging in NGSS-aligned
assessment practices during remote and hybrid instruction.
Next, subgroups were again created to identify any associations between self-concept and
ideal self. The high subgroup was defined as having a median score greater than or equal to 4.0,
while the mid/low subgroup had a median score of less than 4.0 on survey items related to selfconcept. Finally, the ideal self of participants was defined by specific items on the closed survey
related to the perception of one’s knowledge of NGSS-alignment expectations, NGSS-alignment
practices in assessment design, and personal effectiveness to create NGSS-aligned assessments
during remote and hybrid instruction. The results of this analysis are displayed in Table 10.
These data demonstrate a positive association between aspects of the ideal self and a high self-
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concept, suggesting that those with a high self-concept have congruence with valued aspects of
the ideal self.
Table 10
Associations between ideal self and self-concept (Kendall’s tau coefficient)
Survey Item
1
2
3
4
5
Self-Concept (τb)
-.098
.301
.286
.488
.370
Significance (p ≤ 0.05)

.746

.304

.330

.106

.206

6
.495

7
.511

.078

.076

Ideal self-survey item 1 relates to knowledge of NGSS expectations
Ideal self-survey items 2, 3, 4, 5, & 7 relate to NGSS alignment of assessment designs
Ideal self-survey item 6 relates to effectiveness to align assessments
*Note. The total number of participants was 12.

The calculated Kendall’s tau coefficient was not statistically significant using a p-value of 0.05
for all of the ideal self-survey items, suggesting that while an association exists within the
sampled population, the same association may not be assumed for the larger population. These
data suggest that there is indeed an association between participants participating in this study
demonstrating high self-concept and aspects of the ideal self. The positive calculated Kendall’s
tau coefficient values suggest a congruence between how participants view themselves as
assessors in science and aspects of assessment they value as the ideal. Subsequently, the
participants who fell into the high subgroup for self-concept were the same participants who fell
into the high subgroup for NGSS-aligned assessment practices. This provides evidence that
participants participating in this study who fall within this subgroup experience congruence
between their self-concept and ideal self also engage in NGSS-aligned assessment practices.
Open-Ended Surveys
An open-ended survey was also used to gather data about conceptualizations of NGSSalignment understandings, self-concept, and ideal self. The same 12 participants who completed
the closed survey also completed the open-ended survey. Again, the participants were identified
based on a set of sampling criteria before the data collection. All participants were employed by
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the same public high school when data collection and teaching a science-based subject in grades
9–12. Further, all participants had been employed by this school district for a minimum of 2 full
school years. The survey consisted of five open-ended questions and was analyzed using an
inductive approach to category formation. Using this approach, codes and patterns emerged from
these data organically. Codes were recorded and organized in a codebook, which was then
reviewed to identify emergent patterns. A sample of the codebook is presented below in Table
11.
Upon analysis of the codes that were developed, and with regards to best practices, two
patterns that emerged in the coding showed that teacher conceptualizations of best assessment
practices tended to relate to one of two major ideas. First, the coding of responses revealed that
participants discussed including science and engineering practices (SEPs) in assessment as they
design assessments when describing best assessment practices. One participant stated that this
allows students to “…engage in multiple areas of science skills,” while another shared that even
within a single assessment, “[students] are planning and carrying out investigations virtually and
obtaining, evaluating, and communicating results.” When describing a designed assessment, one
participant shared that within the assessment task, “Students used science and engineering
practices by creating a model, doing experiments, designing a solution to a problem, and
justifying their solution using their data as evidence.” This single assessment encompassed four
SEPs in its design. In all, nine participants shared the practice of utilizing SEPs within
assessment design. Participants similarly demonstrated consistency in including student choice
as a characteristic of their assessment design process. For example, one participant stated
regarding student choice, “Labs align with NGSS assessments better than other types of
assessments for science and engineering practices.
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Table 11
Sample codebook from open-ended survey responses
Code

Text

Conceptualization of
...

confidence

"They match NGSS assessment expectations fairly well."

Self-concept

confidence

Self-concept

SEPs

"There is room for improvement with 3D assessment as I do not fully
understand it."
"I am confident that my ideas match rather well.... but I think training with
examples of "taking it to the next level" would be helpful."
"I think I'm fairly aligned - but need to continue to come up with formative
assessment opportunities that are design-based/NGSS aligned."
"...asked to show their understanding of the concepts using data and analysis."

SEPs

"...engage in multiple areas of science skills."

Best practices

confidence
confidence

SEPs

Self-concept
Self-concept
Best practices

"Students used science and engineering practices by creating a model, doing
experiments designing a solution to a problem, and justifying their solution
using their own data as evidence."
SEPs
"They are planning and carrying out investigations virtually and obtaining,
evaluating, and communicating results."
SEPs
“I’m finding that you have to change up how kids are showing that they’ve
learned something.”
SEPs
“Some students are better at expressing themselves through writing, and others
do really good with visual things, so different ways of assessment is important.”
student-choice "Students were given a choice."

Best practices

student-choice "Students were given a choice and able to use this to demonstrate their
understanding of a concept."
student-choice "...ability for students to be creative."

Best practices

Best practices
Best practices
Best practices
Best practices

Best practices

There is more room for student investigation and choice.” Another participant shared that
providing choice within assessment design allowed “for students to be creative.” Another
emphasized that on a described assessment, “students were given a choice and able to use this to
demonstrate their understanding of a concept.”
Another pattern that emerged was that participants' responses regarding their described
self-concept as an assessor in science centered around the idea of confidence. More specifically,
the pattern of responses showed that participants tended to describe themselves as confident in
their ability to act as assessors in science, often with an expressed motivation to further develop
their practice, as evidenced by nine of the participant responses, which emphasized confidence as
an assessor, and an additional seven participants adding on a desire to further align their
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practices. For example, one participant remarked that “[their assessments] match NGSS
assessment expectations fairly well.” Another stated, “I am confident that my ideas match rather
well, but I think training with examples of "taking it to the next level" would be helpful.” In
addition, one participant shared through the open-ended survey that “while I feel like I’m
confident in my ability to assess student understanding, I do think I can be even more aligned to
NGSS.”
Interviews
Interviews were also conducted to gather data relative to the primary research question.
Once again, 12 participants who had also completed the closed and open-ended surveys partook
in individual interviews. To restate, the participants were identified based on a set of sampling
criteria before data collection. All participants were employed by the same public high school
and teaching a science-based subject in grades 9–12. Further, all participants had been employed
by this school district for a minimum of 2 full school years. The interview followed a protocol
consisting of 10 questions. Following a similar inductive coding approach, several patterns
emerged from interview data through analysis, as displayed in Table 12. The emergent patterns
highlight participant perceptions of best practices, self-concept, and the ideal self.
One such pattern is that participants describe best practices as involving student independence
and demonstration of discovery facilitated by the teacher. One participant remarked that
assessment practices should include an “authentic research-based kind of questioning so that
students can explore on their own and explain a unique response to showcase their
understanding.” Another participant stated, “a best practice is really taking experiences and then
turning them into a claim and being able to support and provide evidence.” These responses also
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emphasize another pattern in describing best practices; that participants view assessment as more
than, as participants identify, “traditional tests and quizzes,” as described by one teacher,
The best practices that I have found has been to provide a ton of student choice for
assessment assignments and allowing the students to have more open-ended questions
that allow them to have the option to explore their thinking and explain it so that they
understand the content and they have the skills, but they are not seeing the traditional
assessment style of multiple-choice questions.
This brings into play SEPs as assessment tools, as participants described most practices
as adaptable or employable during the remote/hybrid learning environment.
Table 12
Emergent patterns drawn from analysis of open-ended survey responses
Theme
Text
Motivated Confidence

"They match NGSS assessment expectations fairly well."
"I am confident that my ideas match rather well.... but I think training with examples of
"taking it to the next level" would be helpful."
"I think I'm fairly aligned - but need to continue to come up with formative assessment
opportunities that are design-based/NGSS aligned."

Desire to focus on SEPs

"...asked to show their understanding of the concepts using data and analysis."
"...engage in multiple areas of science skills."
"Students used science and engineering practices by creating a model, doing
experiments designing a solution to a problem, and justifying their solution using their
own data as evidence."
"They are planning and carrying out investigations virtually and obtaining, evaluating,
and communicating results."

Valuing student choice

"Students were given a choice and able to use this to demonstrate their understanding of
a concept."
"...ability for students to be creative."
"Labs align with NGSS assessments better than other types of assessments for science
and engineering practices. There is more room for student investigation and choice."

Another pattern that emerged from the coding of teacher interview responses helped to
conceptualize both self-concept and ideal self as an assessor in science. When describing
themselves as assessors, teachers tended to focus on their overall effectiveness, stating they feel
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they can gain insights into student understandings, despite some testing security concerns. For
example, five of 12 participants used that concern over testing security to further motivate
themselves to move away from traditional assessment practices towards what they described as
NGSS-aligned best practices for assessment. For example, one participant stated that they
“couldn’t tell obviously what students were using when I tried to give a test or a quiz. I think test
security is a huge concern, but we’re all working through it.” Another shared, “I started just
doing more models or writing where it didn’t really matter if they (students) were using
textbooks or something because they were doing more applying science rather than just doing
content questions.”
Interviews were also conducted to gather data about perceived supports and barriers to
converging assessment practices with NGSS-aligned practices. Responses were transcribed and
analyzed using a priori coding, listed in Table 13. These predicted codes were drawn from the
literature on key characteristics of the self-concept ideal self as assessors.
Table 13
Predicted a priori codes for pattern matchinga
Supports effectiveness as an assessor
Supports competency in assessment practices
Supports confidence in assessment practices
Supports motivation to align assessment practices
a

Hinders effectiveness as an assessor
Hinders competency in assessment practices
Hinders confidence in assessment practices
Hinders motivation to align assessment practices

Adapted from National Research Council, 2014

Further analysis identified patterns within that coding, as organized and presented as frequencies
in Table 14. These frequencies, along with the participant responses themselves, allowed larger
findings to be recognized regarding factors that support or hinder NGSS-aligned assessment
design during remote and hybrid instruction.
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Several patterns emerged relative to the perceived supports and hindrances to the
convergences of self-concept and ideal self. The first is responses regarding supports to
effectiveness as an assessor focused on department-based collaboration opportunities.
Table 14
Frequencies of codes from interview responses
Collaboration

Lack of Student Past Professional
Engagement
Development

Resources

Test Security

Time

Supports effectiveness as an
assessor

9

0

3

7

0

0

Supports competency in
assessment practices

2

0

2

4

0

0

Supports confidence in
assessment practices

0

0

3

1

0

0

Supports motivation to align
assessment practices

1

0

2

0

5

0

Hinders effectiveness as an
assessor

0

2

0

4

0

7

Hinders competency in
assessment practices

0

0

0

0

0

1

Hinders confidence in
assessment practices

0

0

0

0

0

7

Hinders motivation to align
assessment practices

0

3

0

5

0

3

*Note. The total number of coded segments was 71.

For example, one participant stated, “the district has tried to provide opportunities for
collaboration…collaboration is a sustainability technique.” Ten of the 12 participants noted
collaboration as a support. Another identified pattern regarding supports to effectiveness and
competency as an assessor found in the analysis of participant responses was access to curricular
resources. Seven of the 12 participants remarked that the high school science department had
provided, during remote and hybrid instruction, an abundance of resource material that could be
administered virtually, both specific to science content delivery and also for assessment
implementation. As they relate to hindrances to effectiveness and confidence, one pattern that
emerged in interview responses was allotted time. Seven of the 12 participants expressed that a
limited amount of designated time to meet with colleagues or work exclusively on assessment
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design prevented them from improving their assessment practices. One participant shared, “when
it is an assessment that I’m able to spend time developing and keeping authentic . . . then it is
closely aligned to how I would want it to be to NGSS.” Another shared, “time is definitely our
biggest hurdle. . . . There’s just so much else to keep on top of now…that having time to just sit
and make a really good assessment isn’t always there.” A participant also shared that they “so
value time with my colleagues . . . to talk and plan and work on things together. . . . I just wish
there was more of that.” A final pattern that emerged through analysis also related to a hindrance
to effectiveness and motivation as an assessor goes back to the resource materials provided by
the high school science department and district administration. Five of the 12 participants found
the number of resources could be overwhelming. One participant stated, “When you have these
resources, the one thing is not getting too repetitive in your units;” they continued to say, “We do
have so many resources. So, in the beginning, it was very overwhelming of where should we go
with this? So just balancing all of them was maybe difficult at first.” Another shared, “It [having
many resources] can be good, but it can be a lot. We’re all adjusting to this remote way of
teaching, so sometimes it’s just a matter of being motivated to dig into different resources while
also adjusting to remote instruction.”
Merging of Results and Findings
Three key themes emerged from all three data sources. They are identified, described,
and justified with evidence gleaned through initial analyses.
Students Can Demonstrate Understanding Through SEPs with Independent Choice
The first theme that emerged focuses on conceptualizations of best assessment practices.
Participants expressed through all data sources the practice of utilizing more than one SEP to
access information regarding student understanding of science content. This was expressed both
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as an ongoing assessment practice and an ideal practice. Participants are using the SEPs as
instructional practices and stepping away from traditional assessment methods in favor of NGSSaligned strategies. Data from the closed survey demonstrates that all eight SEPs are reported as
being used in assessment at some point during a semester. This same data source and interview
data reveal that some practices are more frequently used than others. For example, scientific
writing through constructing evidence-based explanations was utilized twice during an
instructional unit by 80% of the participants. During the interview, one participant stated, “I try
to let students pick of how they want to show understanding, like modeling or writing, but I’m
definitely using a lot of scientific writing.” This leads to another aspect of the conceptualization
of best practices, including student choice during assessments. One participant stated on their
open-ended survey that, “Students used science and engineering practices by creating a model,
doing experiments designing a solution to a problem, and justifying their solution using their
own data as evidence.” Another stated regarding student choice, “Labs align with NGSS
assessments better than other types of assessments for science and engineering practices. There is
more room for student investigation and choice.”
Participants demonstrated consistency in including student choice as a characteristic of their
assessment design process. This provides evidence that during remote and hybrid instruction,
participating high school science participants conceptualize best assessment practices as
engaging students in various SEPs while also allowing opportunities for student choice within
the practices to demonstrate understanding of science concepts.
Confident Assessors Who Are Also Motivated Assessors
When describing their perception of self-concept related to being an assessor in a high school
science classroom, a theme was revealed that participants characterize themselves as having high
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levels of confidence as an assessor with a motivation to further develop their practices. During
remote and hybrid instruction, participating high school science participants viewed themselves
as self-assured assessors in science. Further, the analysis showed that while confident,
participants also perceive themselves as eager to learn more in this field. For example, one
participant stated in their open-ended survey response, “I think I’m fairly aligned – but need to
continue to come up with formative assessment opportunities that are design-based/NGSS
aligned.” From the closed survey, the analysis showed that 70% of the participants in the study
either agreed or strongly agreed with statements related to viewing oneself as confident and
motivated when aligning assessments with NGSS expectations. Interview data further support
this theme, with participants expressing a desire to spend more time developing their ability to
align assessments with NGSS expectations. Expressing their confidence as an assessor allowed
participants to acknowledge areas within NGSS-aligned assessment design they seek to improve,
whether it be through district-provided professional development opportunities or dedicated time
to focus on collaboration and personal growth.
Self-Concept/Ideal Self Congruence Is Supported by Use of Best Practices
The third theme that presents itself from merging all three sources of data was that
participants who perceive themselves to be experiencing self-concept and ideal self-congruence
describe this congruence as being supported through their use of their defined best practices in
assessment. The description of the ideal self demonstrates teachers perceive a high value on
NGSS-aligned practices and knowledge. Closed survey data demonstrated at least 92% of
participants agreed or strongly agreed with statements that an assessor should know the NGSSaligned assessment practice expectations and that assessment should use a variety of science
practices. This is consistent with the described practices currently employed by participants and
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described in the first theme and the self-concept of a confident assessor in the second theme.
Open-ended survey data further provides evidence of this theme that participants view
themselves as experiencing self-concept and ideal self congruence. One participant shared that,
“I am confident that my ideas [about NGSS-aligned assessments] match rather well.” Other
patterns in interview responses echo similar ideas that participants who had a self-concept
described by effectiveness and confidence also tended to describe their ideal self as supported or
aided by the use of described best practices. When moving away from “traditional” assessment
designs in favor of NGSS-aligned practices, participants reported feeling effective and confident
as assessors during the remote and hybrid instructional period. One teacher shared that students
“are getting more frequent chances to show what they understand from class because I’m
assessing with way more than just a chapter test.” Participants experiencing confirmation of the
employed (and NGSS-aligned) assessment practices viewed themselves as having congruence
between their self-concepts and ideal selves regarding effectiveness as an assessor. One teacher
shared that after seeing student success, they were eager to “dig in deeper with the NGSS.” So,
while the perception of experiencing congruence aids in the confidence described in the selfconcept of participants, it also tended to support the motivation to continue personal
development as in the second theme.
COVID-19 Considerations
During the COVID-19 pandemic, participants for this study taught in both remote and
hybrid environments. Participant responses, however, were not focused on pandemic-related
teaching conditions but, rather, on their overall perceptions of assessment within an NGSS-based
curriculum. Teacher perceptions of factors that support and hinder their ability to align their
practices with NGSS-aligned assessment practices reflected conditions and district actions from

71

both before and during the COVID-19 pandemic. None of the conditions and district actions
described, such as providing curricular resources and limited time to collaborate, were taken in
response to remote and hybrid learning. However, five out of 12 participants did mention one
element of remote instruction that influenced their motivation to explore NGSS-aligned
assessment practices. Concerns over test security shared by these participants served as a
supporting factor to explore expanding their use of assessment through the Science and
Engineering Practices of modeling and creating scientific writing. One participant shared, “I
started just doing more models or writing where it didn’t really matter if they (students) were
using textbooks or something because they were doing more applying science rather than just
doing content questions.” Participants expressed that these practices were not absent from their
assessment designs. Rather, they found the motivation to use these practices more frequently in
assessments out of concern for student testing conditions and test security.
Summary of Findings
In summary, this study aims to describe how high school science teachers conceptualize
best practices with regards to assessment, their self-concept, and ideal self as it relates to
assessment practices in science. In addition, it seeks to better understand the experienced factors
that support and inhibit their perceived ability to engage in NGSS-aligned assessment practices.
After analyzing these data, several key findings were identified as they relate to the research
questions guiding this study. The first research question asked how we can describe how high
school science teachers conceptualize best assessment practices, self-concept, and ideal self with
respect to assessing in science? Three key themes answering that question emerged from the data
sources. The first theme is that best practices in science assessment are characterized by the use
of a variety of SEPs and the inclusion of student choice within the design of the assessment. The
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second theme that emerged is that high school science teachers participating in this study
describe their self-concept with high confidence levels as assessors. In addition to confidence,
the perceived self-concept of participants was also highlighted by high levels of motivation to
continue professional growth as an assessor. The last theme identified is that using the described
best practices, participants can experience self-concept and ideal self-congruence. This
congruence provides further support for the motivation mentioned in the second theme.
The first subquestion asked what are, if any, the observed associations in high school
science teachers’ conceptualization of best assessment practices, self-concept, and ideal self?
The associations found were between high self-concept and engagement in best practices; also,
there was an association between self-concept and ideal self-conceptualization. Both of these
associations were positive and suggest that having a high self-concept is associated with
engaging in NGSS-aligned assessment practices during remote and hybrid instruction and further
suggests self-concept and ideal self-congruence.
The second subquestion asked what factors high school science teachers perceive as
either supports or barriers to converging their practice with ideal assessment practices? These
data support several findings. As evidenced by these data, while opportunities for collaboration
amongst colleagues are viewed as a supporting factor to being an effective assessor in science,
not enough time is available for these opportunities to maximize their benefit. Participant
responses stated the value they found in sharing ideas and assessment design projects with
colleagues, allowing them to close the gap in where they viewed their effectiveness as an
assessor and the ideal they aspired to. Correspondingly, participants also stated that the
opportunities provided by the department and district were simply not enough. This lack of time
devoted exclusively to collaboration presented a barrier to fully converging their effectiveness as
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an assessor self-concepts and ideal selves. Opportunities for collaboration amongst colleagues
are perceived as an internally-created supporting factor to being an effective assessor in science.
However, not enough time was perceived to be available for these opportunities to take place to
optimize their benefits. Also evidenced by these data, participants found support from the quality
of resource materials provided, while they found a barrier from the number of resources
provided. One participant stated, “When you have these resources, the one thing is not getting
too repetitive in your units;” they continued to say, “We do have so many resources. So at the
beginning, it was very overwhelming of where should we go with this?” The discussion of
resource materials was seen throughout participant responses and presents a unique factor that is
perceived as both a support and a barrier. Resource materials provided by the department are
regarded as a support; however, they also perceived resources as a barrier when considering the
quantity of resources provided. The “double-edged sword” nature of these findings presents an
interesting contrast.
Chapter 5 further explores this and the other findings and discusses them in light of the
study’s theoretical framework and reviewed literature. It will highlight how findings converge,
diverge, and/or expand previous scholarship and how teacher descriptions of their self-concept
and ideal self and identified supports and barriers to convergence reflect the theoretical concept
of sensemaking and the potential implications on practice in the field.
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS
The purpose of this study was to explore teachers’ sensemaking processes related to
designing and implementing NGSS-aligned assessments in the context of remote and hybrid
instruction. From the theoretical sensemaking lens, this study examined teachers’ NGSS-aligned
assessment understandings as well as both personal and external factors that they believe
influence their self-concept, ideal self, and practice. According to this framework, it is assumed
that individuals construct their identity based on making sense of something, as influenced by
their responses to input stimuli. This study examines those assumptions from the perspective of
teachers. The research questions were: 1. How can we describe how high school science teachers
are conceptualizing best assessment practices, self-concept, and ideal self with respect to
assessing in science?; a. What are, if any, the observed associations in high school science
teachers’ conceptualization of best assessment practices, self-concept, and ideal self?; and b.
What factors do high school science teachers perceive as either supports or barriers to
converging their practice with ideal assessment practices?
Data were collected through closed surveys, open-ended survey responses, and
participant interviews. Both inductive and deductive strategies for coding were utilized to
identify patterns in experiences related to the conceptualizations of best assessment practices,
self-concept, and ideal self, as well as the perceived supports and barriers to alignment between
self-concept and the ideal self. Closed survey data were analyzed using frequencies and
Kendall’s tau coefficient to identify any observed associations and strengths of those associations
among conceptualizations of best practices, self-concept, and the ideal self, consistent with the
main research question and first subquestion. Frequencies of codes drawn from interview
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responses reflective of factors perceived to be either supports or barriers were also used to
support the analysis of the second subquestion.
In this chapter, the findings from Chapter 4 were reviewed as they relate to the research
questions. First, the findings are discussed in relation to the study’s theoretical framework and
corresponding literature. Next, implications for future policy and practice are addressed. Finally,
recommendations for future research will be suggested based on the study’s limitations and
delimitations and on questions that arose throughout the study.
Summary of Findings
To explore high school science teachers’ self-concept, ideal self, and NGSS-aligned
assessment understandings, this study asked how we can describe how high school science
teachers conceptualize best assessment practices, self-concept, and ideal self with respect to
assessing in science? Following analysis, three main themes emerged from merging all three data
sources. These themes are:
1. Participants conceptualize best practices in assessment as students demonstrating science
understanding the use of a variety of science and engineering practices (SEPs) while
allowing opportunities for student choice.
2. Participants perceive their self-concept as an assessor having high levels of confidence
and motivation to further develop their practices.
3. Perceived self-concept and ideal self-congruence experienced by participants are
supported by their use of the defined best practices in assessment.
These three themes illustrate how teachers perceive best practices for assessment in science and
the interplay between their perceived self-concept, ideal self, and those defined assessment
practices.
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To better understand if those three concepts as they relate to assessment held similar
relationships as they do in the literature regarding instructional practices, this study asked what
are, if any, the observed associations in high school science teachers’ conceptualization of best
assessment practices, self-concept, and ideal self? The findings showed an association between
high self-concept and engagement in best practices. Also, there was an association between selfconcept and ideal self-conceptualization. Both of these associations were positive and suggest
that having a high self-concept is associated with engaging in NGSS-aligned assessment
practices during remote and hybrid instruction and further suggests self-concept and ideal selfcongruence.
Finally, this study was interested in uncovering any personal and external factors that
high school science teachers believe influence their self-concept, ideal self, and practice and
asked what factors high school science teachers perceive as either supports or barriers to
converging their practices with ideal assessment practices? For example, opportunities for
collaboration amongst colleagues are perceived by participants of this study as an internallycreated supporting factor to being an effective assessor in science; however, a limited time for
collaboration is perceived as a barrier. In addition, resource materials provided by the department
are regarded as a support when considering the quality and potential application of such
resources; however, the participants in this study also perceived resources as a barrier when
considering the quantity of resource materials provided. These themes and other findings are
discussed as they relate to the study’s theoretical framework and the literature on self-concept as
it relates to practice.
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Discussion
A major finding in the study is that high school science teachers in a public high school
conceptualize assessment design as being rooted in students' ability to demonstrate
understanding of content as authentically as possible. Further, these teachers focused this facet of
assessment design around the SEPs. Teachers shared in their responses that they often use
multiple SEPs when eliciting evidence of student understanding in science. This is consistent
with prior literature suggesting that SEPs are best used as an effective assessment practice when
used together and when varied in their use (Harris, 2016; Pellegrino, 2016). The focus on SEPs
in assessment design makes some logical sense. SEPs are often defined as the “what students
will do” dimension of NGSS (Pellegrino, 2016). The dimension of Disciplinary Core Ideas
(DCIs) is reflected in teacher assessment design through the assessed content, while teachers did
not strongly emphasize the third dimension of Crosscutting Concepts (CCCs). This diverges
from the literature that suggests all three dimensions should be equally reflected in assessment
design (National Research Council, 2014). As CCCs represent frames for student thinking (Fick,
2017), this is an area worthy of future consideration. Another related finding of this study is that
teachers value student choice as an element of best assessment practices. More specifically,
teachers tended to include student choice in their assessment designs to allow students the
independence to select how they would demonstrate understanding of a particular concept or
interpretation of data. This presents an intersection where the findings converge and diverge
from prior literature. While the implementation of varied SEP-based assessment tasks is
consistent with prior literature from the National Research Council (2014), the added component
of student choice is not.
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Another major finding in this study is that high school science teachers often describe
themselves as confident and effective at eliciting evidence of student understanding of science
concepts when describing themselves as assessors. They additionally tend to describe themselves
as having knowledge of NGSS-aligned assessment practices and being motivated to further align
their practices. When reflecting on the theoretical framework chosen to guide this study’s
investigation, this finding supports the work of Karl Weick (1995) on sensemaking. With
sensemaking defined as an ongoing process by which individuals develop ideas based on their
organization of input stimuli, this study was grounded in one property of sensemaking, identity
construction, through which the individual defines their perceived self. The experiences of an
individual serve as an important stimulus for developing one’s self-concept, and while it can be
identified at a singular time, it can also be fluid (Rogers, 1959). In describing their perceived
selves, teachers’ process of expressing their self-concept reflects this prior scholarship. Teachers
often used their classroom experiences as an input stimulus for describing themselves as
confident and effective assessors in science. The fluid nature of self-concept was also evident, as
teachers expressed early difficulties with factors like test security being overcome and then
perceiving themselves as more confident and motivated assessors.
An additional major finding in the study is that high school science teachers in this
District Factor Group GH public school district described their perceived congruence of selfconcept and ideal self as being supported by their experiences with NGSS-aligned assessment
practices. As teachers moved away from what they described as “traditional” assessment designs
in favor of assessment tasks aligned to NGSS, they found their perceived self-concepts
confirmed. This congruence between self-concept and lived experiences also yielded congruence
between self-concept and the teachers’ ideal self. This aligns with prior literature on lived
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experiences confirming self-concept and increased levels of ideal self-congruence (Rogers,
1959). According to Rogers (1959), seeing one’s experiences validate how one perceived
themselves often led to increased congruence with the self-concept and ideal self. Similar to the
previous finding, this emphasizes the fluid nature of self-concept. Teachers who described
themselves as being confident and effective in assessing students also saw success when
implementing assessments aligned to NGSS expectations. This overlap, in turn, supported
teachers in feeling the way they perceived themselves was in congruence with their described
ideals for science assessors. As research suggests, teachers' experiences can support the
congruence between the teacher’s self-concept and ideal self.
A key finding in this study is that there is an association between the defined self-concept
of teachers and assessment practices. Teachers with self-concepts defined with high levels of
confidence and effectiveness are associated with implementing the defined best practices for
assessment in science. This expands on prior scholarship by adding the perspective of assessment
practices. A widely accepted notion in literature is that there exists an association between a
teacher’s self-concept and their instructional practice while not explicitly expressing assessment
practices (Guskey, 1988; Relich, 1996; Yeung, 2014).
The past literature demonstrated that teachers whose self-concepts were considered high
with regards to elements like confidence and effectiveness tended to also engage in best teaching
practices more readily. Further, when teachers found congruence with their self-concept and
ideal self, they also tended to engage in effective teaching practices (Maskimovic 2019). By
being explicit about assessment practices, this study places these findings as an expansion on
prior scholarship. Identifying similar associations also illustrates that the way a teacher perceives
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themselves as an instructor and an assessor is important to consider when engaging in
conversations about teacher practice.
A final major finding in this study is that factors experienced by high school science
teachers in this District Factor Group GH public school district are often perceived as dualistic.
This expands on prior scholarship regarding congruence between self-concept and ideal self by
exploring teachers' personal experiences as they describe what factors they believe act as
supports and barriers to such congruence. Teachers value collaboration with their colleagues and
embrace opportunities to do so; however, time restricts the frequency of those opportunities.
Teachers view the resources made available to them by the high school science department and
district to be of high quality; however, the number of resources made available became
overwhelming. The “double-edged sword” characteristic of factors, such as collaborative
opportunities and availability of resources, presents teachers' experiences as being perceived as
both supports and barriers. This dual nature may assist teachers in overcoming the perceived
“barrier-side” of each factor, as they can leverage the supporting element of the factor to build
congruence. The findings of this study suggest that despite barriers, teachers do experience
convergence between their self-concept and ideal self. The described supporting factors and their
observed effectiveness in implementing best assessment practices facilitate that convergence.
Assumptions, Limitations, and Delimitations
This study assumed that the participants providing open-ended responses are literate in
the Next Generation Science Standards terminology. This assumption is important to recognize
because response prompts may utilize such language to generate data for analysis. An additional
assumption is that participants are providing truthful responses in those written answers. This is a
critical assumption, as the purpose of this study was to deepen an understanding of participants'

81

perceptions related to their self-concept of assessment practices and ideal assessment practices.
The first and second key research questions of this study are intended to investigate participants'
experiences relative to that assumption. Another assumption of this study is that the teachers'
instructional practices are convergent with NGSS-aligned instructional practices. Since all
teachers in this high school implement district-approved science curricula, it further assumes that
each school has the same expectations for its teachers with respect to curriculum implementation.
A recognized limitation of the study is identified in the participant pool. All participants
for this study are employed by the same District Factor Group GH public school district in New
Jersey. Therefore, each participant brings their self-concept as it relates to NGSS-aligned
assessment practices, which is shaped by their personal experiences in the field. This can create a
participant bias; however, this study does seek to develop a deeper understanding of those same
self-concepts relative to the ideal self. Additionally, all participants are currently employed as
high school science teachers. Coupled with their employment in the same school district, it is
recognized that this pool of participants is not representative of every teacher who utilizes the
Next Generation Science Standards but, rather, those that fit the selection criteria outlined earlier
in this study.
Another recognized limitation of this study is that data collection took place during a
period of remote/hybrid instruction due to the COVID-19 pandemic. More specifically, data
were collected from instructional models that shifted from fully remote to hybrid during the
school year within the school district. Therefore, the research questions of this study were not
directly focused on comparing in-person and remote/hybrid contexts; as such, it cannot be
concluded whether the perceptions of participants are purely for either context specifically.
However, the data are still significant as they represent the perceptions and lived experiences of
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an identified group of teachers and should be interpreted as such without attention being drawn
to the specific instructional format.
A recognized delimitation of this study is also related to the participant pool. All
participants for the focus group must have a high rating with regards to the congruency between
their current assessment practices and the defined ought self. This screening criteria was
purposeful but does leave out a subgroup of high school science teachers that may be studied at a
future time. Another recognized delimitation of this study is that it focuses on a one-time
encounter with the participant through an interview rather than multiple interviews over a longer
period. Weick (1995) recognized that sensemaking is an ongoing process, as does Rogers (1959),
regarding self-concept. This opens the possibility for future studies to see how sensemaking
shapes and evolves continuously over time rather than in a singular snapshot.
Implications for Policy, Practice, and Research
The findings of this study suggest that high school science teachers in this District Factor
Group GH public school district with a large high school student enrollment experience
convergence between their self-concept and ideal selves as assessors in science as supported by
their experiences in the classroom assessing students with NGSS-aligned assessment practices.
This section will detail the implications for research, policy, and practice that the findings of this
study may have.
Policy
Based on the findings of this study, there are several implications for policy at the
federal, state, and local levels. The research conducted in this study suggests policy directed at
the professional development of teachers could draw on the findings of this study to create
opportunities focused on maximizing alignment between the self-concept of teachers and their
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ideal selves and reducing identified barriers to congruence. Specifically, there are implications
for resource allocation as it relates to the development of opportunities to expand supports to
self-concept and ideal self-congruence. Across a larger scale, these development opportunities
may not be available to teachers across different school districts. As such, resources can be
allocated to allow for more equitable opportunities across varying school districts for teachers to
increase alignment between their self-concept and ideal self as an assessor. This study indicates
that positive or successful experiences with NGSS-aligned assessment materials supported
teachers’ congruence between self-concept and ideal self. Resources focused on providing highquality and NGSS-aligned sample assessment materials in all high school science content areas
would support increasing alignment between self-concept and ideal self as an assessor. Such
resources would not just provide teachers with exemplar NGSS-aligned assessment tasks; they
would also provide the playing field for self-concept and ideal self-congruence to take place.
On a local level, districts can implement policy to utilize these sample assessment tasks
and develop local professional development around their use. Policy within the science
department can also focus on mitigating or removing barriers while further developing supports,
such as allocating local resources to enhance time for collaboration amongst colleagues. For
example, local school districts can remove the barrier of limited collaboration time by building
half-day in-services into the school calendar, with an explicit focus on peer collaboration.
Regarding the identified barrier of an overwhelming number of resources, school district policy
can be amended to tighten the material and program acquisition process to ensure that teachers
are not getting bogged down with too many programs and that proper training in each program is
allowed. Local districts can also emphasize ongoing reflective practices as part of department
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growth policies. This reflection would allow each academic department and the district to
identify their barriers and supports.
Practice
The discussed policy implications have further implications for practice as they relate to
professional development at the district and school levels. The described conceptualization of
best practices as they relate to science assessments reveals that teachers emphasize certain
aspects of NGSS-aligned assessment expectations, such as SEPs. With literature supporting
emphasis on all three dimensions of NGSS in assessment (National Research Council, 2014),
one implication for district practice would be to build increased alignment in assessment
practices by focusing on CCCs in district- and department-led professional development
opportunities. Also, building on policy implications, the practice of the local school district can
utilize the identified supporting factors of teachers to increase in the schools. For example, a
policy may dictate for resources to increase colleague collaboration during department or district
in-service days. An additional implication could be a district practice of emphasizing the “quality
over quantity” approach to resource and material purchasing as teachers’ experiences highlight
the overwhelming nature of too many resources while also sharing the support felt from having
choice resources available.
For teachers, an implication of this study is for teachers to participate in practices related
to self-monitoring of their assessment practices to be aware of their current self-concept to work
towards best practices. As teachers engage with new experiences daily, engaging in selfmonitoring and reflective practices can allow teachers to more openly recognize the elements of
their self-concept that may be creating the greatest source of divergence with their ideal
assessment practices. By engaging in the practice of reflection when creating assessment
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opportunities for students, teachers can be aware of how their self-concept may or may not
converge with the ideal self. This awareness and reflection can potentially yield a more focused
assessment-development process by allowing teachers to recognize their perceptions of value
relative to different assessment practices and if these perceptions align with their ideal self.
Teachers may be able to use these understandings to purposefully design assessments for further
alignment with NGSS expectations.
Research
Further research based upon findings within this study could be explored in various areas.
The findings of this study highlight the conceptions of self-concept, ideal self, and best science
assessment practices. As previously stated, when defining best practices, teachers tended to
emphasize SEPs over the dimension of CCCs. Potential for future research could investigate the
sensemaking of each dimension as an aspect of the assessment. This research would contribute to
an understanding of teacher conceptualizations of self-concept, ideal self, and best practices as
they relate to each dimension of NGSS individually that could build upon the research of this
study. Additionally, sensemaking theory acknowledges that the process of sensemaking is fluid
and changes as individuals encounter continuous and new stimuli. Future longitudinal studies
may illuminate the sensemaking process as it develops over time.
Other areas of research could seek to address identified limitations of this study. One
such area of potential research is to explore the sensemaking process of teachers in a different
content area. This research would contribute to the larger body of literature on teachers’ selfconcept and assessment practices. Similarly, a limitation of this study was the small focus on
only high school grades. Further research could also be done with an expanded grade band.
Additionally, only one particular school district was used to sample participants. Further research
could look at the sensemaking process of teachers in a variety of school districts to gather
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potentially different insights into supports and barriers to self-concept and ideal selfconvergence.
Conclusion
This study expanded on prior literature exploring teachers’ self-concept and ideal self as
it relates specifically to assessment practices. Through the experiences of high school science
teachers in a District Factor Group GH public school district, three 3 major themes emerged
through the data analysis. First, the findings suggest that teachers conceptualize best practices in
science assessment as presenting opportunities for students to demonstrate science understanding
by using a variety of SEPs while allowing opportunities for student choice. In addition, teachers
perceive their self-concept as an assessor in science as having high levels of confidence and
motivation to further develop their practices. The final theme that this research highlights is that
the perceived self-concept and ideal self-congruence experienced by teachers is supported by
their use of the defined best practices in assessment.
This study further expanded on prior literature by identifying that similar associations
between self-concept and instructional practices found in literature also do exist with regards to
assessment practices. Finally, this study also added to the existing body of research by
highlighting the experiences of high school science teachers perceived as supporting and barriers
to self-concept and ideal self-convergence. Findings of the study indicated that high school
science teachers within this school district experience convergence between their self-concept
and ideal self, and the presence of the described supporting factors and their observed
effectiveness in implementing best assessment practices facilitate that convergence, despite
identified barriers.
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Through the findings of this study, certain barriers teachers face can begin to be
overcome. By highlighting teachers' experiences, there is some insight now into the factors that
teachers interact with which impact their decision-making regarding assessment. Teachers have
demonstrated an ability to work through barriers but having these insights will allow local school
districts their own ability to potentially predict and work to remove barriers as well. The findings
gathered in this study regarding the self-concept and ideal self of teachers, specifically regarding
convergence between the two, are important to work towards building the confidence in teachers
and capitalizing on their successful experiences to further align assessment practices with NGSS
expectations and move closer to the described “science as an approach” pedagogy. Additionally,
understandings were gained on how teachers perceive best practices as they relate to assessment
within NGSS expectations and their identified motivation to further their alignment with NGSS,
which allows this study to act as a springboard for future development of teacher assessment
practices.
In the ongoing quest to develop students who are scientifically framed thinkers and well
adept at joining the nonroutine, analytic workforce, science education remains well-positioned to
prepare such students. The findings of this study indicate that science teachers, when
individually confident, motivated, and able to navigate potential barriers, can implement
assessments in science that effectively gather evidence of student understanding and growth.
This places assessment as a valuable aspect of any inquiry-driven science curriculum where
students can engage with unique phenomena demonstrates understanding through authentic data
collection and analysis.
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